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PEEFACE. 

rpHE greater part of the following pages has already 
appeared in twelve papers in the Monthly Packet of 
1872 and 1873. 

These papers were .originally written with a view of 
bringing some of the most attractive parts of Botany before 
the notice of the readers of the Monthly Packdj and by this 
means inducing them to continue its ^tudy in the flowers 
around them, with the help of other books. When the 
request was made that I would add to these papers, and 
reprint them as a whole, I complied with it because it 
came from experienced botanical teachers, who assured 
me that such a book would be useful ; and from school- 
mistresses, who, having tried the experiment of using the 
original papers for class-teaching, were anxious to have a 
more complete set of the same kind to put in the hands of 
pupils preparing for the University Local Examinations. 

I have therefore added three more papers to the 
original twelve, and have carefully revised and re-'written 
much of the original text. I have also tried to illustrate 
it intelligibly. In almost all cases the illustratioBS are 
drawn from nature, and I have never made them diagram- 
matic, except when I was absolutely obUgad, be.ca.wsft. 1 
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think the tendency of diagrammatic drawings is to make 
the reader satisfied with them, without verifying each 
point in the flowers themselves. 

In the Appendix I have kept in view the wants of 
students preparing for the University Local Examinations. 

This Appendix is not intended for the general reader ; 
only for students preparing for an examination in which 
technical terms will be used, or for those who are intending 
to read other books on Botany, which would not be intel- 
l^ble without a knowledge of the terms. In all cases 
the book should be read^rs^, and the parts of the flowers 
known and understood in ordinary language ; afterwards 
technical terms will have lost their power to confuse. 

The books to which I owe most are Legons Memen- 
taires de Botaniqiie, by Le M&out ; Gray's Structwral and 
Systematic Botany ; Die Befruchtung der Blumen durch 
Insekten, by Hermann Muller ; Die Geschlechter- Ver- 
theUung bei den FJlanzen, by Friedrich Hildebrand ; all 
Mr. Darwin's writings on botanical subjects ; and various 
papers which have appeared on cross-fertilization in 
Nature and the Science Bemew. 

Also my husband has helped me so much (1) by a set 

of lectures of his which I attended, (2) by suggestions, and 

• (3) by entirely writing three of the original papers for the 

MontMy Packet when I was ill, that, though my name is 

given to the book, it is really almost as much his as mine. 

KuGBT, September 8, 1874. 
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A YEAE'S BOTANY. 

CHAPTER I. 

GENERAL DESCRIPTION OF FLOWERS. 

THERE are two ways of studying Botany. 
One is to b^in the subject by examining the internal struc- I 

ture of the plant, to learn about cellular and vascular tissues, che- 
mically to test their components, and then gradually to trace 
their development and integration into roots and stems, and 
finally into leaves, flowers, and fruity marking each stage of the 
inquiry with a &esh mass of long and incomprehensible terms. 

This method may be called that of proceeding from the 
" unknown to the known ; " and almost all the English Botany- 
books that have ever been written are an exemplification of it, 
and therefore, and I believe therefore ordyy is Botany so often 
stigmatised as a dry iminteresting study. 

Who can be expected to hegpn a new subject by feeling Jl. « 
interested in whether the cellular tissue of a certain stem 
is composed of Frosenchi/ma or of dodecdhedral Parenchyma, 
especially if, as is almost sure to be the case, he is not a suffi- ^. 
ciently good microscopist to be able to distinguish the one from _ . * 
the other when he sees them? 

But if the other method be followed, that of proceeding « 
from the "known to the unknown :" if a familiar flower be 
taken, and the wonderful contrivances shown by w)iicft its* 
y^ous coverings, its shape and stalk, aie «A1 TQab*^^ ^\ijaaisp^^ssfe« 

•» ■ . ^ 



2 A YEAR'S BOTANY. 

to the protection of its most precious part, the seed — nay, how 
even its beaaty and scent are used as flags to attract, and bribes 
to induce the insect world to wait upon it and do its messages ; 
then by the time the student comes to the examination of this 
seed, it will have ceased to be merely a bead-like grain, and will 
have become to him the token of success of all the manifold 
cares he has seen expended on it; and then to study its 
minutest structure, and learn how from a little shapeless lump 
it has become the germ of a new plant, with leaves and stem 
TO»pped round in its -tiny self, wiU have become to him a kbour 
of love, which no long words can render unattractive. 

This plan is followed by many -French botanists, by J. J. 
Bousseau in his ^'Lettres Ell^mentaires sur la Botanique ^ 
Madame de L.," by Vaucher in his " Histoire Physiologique des 
Plantes d*Europe," and even more fully and successjftilly by Le 
M&out in his " Legons ElSmentaires de Botanique," the " Premiere 
Etude" in which seems to me an ideally good way of opening 
the subject. I have endeavoured to follow his method, at 
any rate in this introductory chapter, and to adapt it to the 
flowers more easily found by my readers ; and I hope by this 
means to be able to prove the truth of my statement that Botany 
is not dry and uninteresting, but full of fascination from the very 
beginning — a fascination which lies not only in what is known, 
but in the num1)er of beautiful problems yet unsolved^ and open 

' Y to the patient work and examination of every intelligent observer. 

But flrst I must beg that my readers will give me a fair 

trial ; that they wiU pick the flowers described, and examine 

. them, while they read the description ; and 'that they will trace 
every law, arrangement, and peculiarity, in their living illustra- 
tions. Sometimes these may not be seen at the flrst glance, or 

» even in the flrst specimen, but they must pick fresh flowers, 
look and look again, and take nothing upon trust, remembering 
that one of the chief lessons Botany has to teach is how to use 

., '^^Hh eye and hand. 
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We will now l>egm the examination of oar floweis. All that 
will be needed will be a couple of needles (these atfe more oon« 
venient for nse if fitted to the end of a short bit of stick or 
pencil, which is easily done with the help of a little sealing- wax), 
a sharp penknife, and a pair of scissors ; some sort of magnify- 
ing-glass will be wanted soon, but nothing will be described in 
this first chapter that really needs it. 

The flowers you should provide yourselves with, are — Butter- 
cup, Wall-flower, Gricurnber or Vegetable-marrotDy Gorse and 
Garden Fea, and Primrose. 

Thb Butteroup. — iJ&t us begin with a buttercup, and see 
what we can make out about it. Take one of the round green 
buds ; in a small one there is not a sign of yellow to be seen, 
but if you look at an older one, two or three narrow streaks will 
be apparent, proving that there is something not green inside ; 
press your finger against the top of this bud, and the green 
covering will open out into leaves, separate one from the other, 
and showing a ball of yellow. Pull these leaves gently, they will 
come off without tearing the rest of the flower, and you will see 
that there are five of them, all exactly alike, and that they are 
covered outside with soft white hairs, while inside they are 
smooth and shiny. 

After these are removed, we come to the glossy golden leaves, 
with which, in their full-blown shape We are all fBoniliar ; they 
are so closely folded one over the other, that we cannot tell 
whether they will finish our flower or notb Pull them ofl^ one by 
one, and see how pretty they are when held up against the light, 
with all their veins showing, and znaking them look like yellow 
foliage leaves in miniature. There are five of them, and they, 
like the outer leaves, have two different sides, the inner one. 
being bright and glistening, while the outer is of a paler, duller 
yellow; and there is another difference which has probably 
already caught your eye ; the whole surface of tb& q\sj»sl ^^S& 
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Ennooth, but at tlie base of the glossy side there is a small pro- 
tuberance, like the swelling of the bottom of the leaf (fig. 1, ti) ; 
if you push this about with a needle, it wUl prove to be a minute 
scale, placed vis-d^vis to the yellow leaf, and covering a little 

sticky lump. There are five yellow leaves, the 
same number that we counted of outer green ones, 
and it is curious to notice the relative positions 
of the two. Take a fresh, well-opened flower, 
and hold it upside down, you will see that each 
p. J space left between two green leaves is occupied 

Petal of buttercup, by a yellow one, i,e, if we call the outer leaves 
1, 3, 6, 7, 9, the inner ones would be 2, 4, 6, 8, 10 ; and would 

be arranged thus : 

^ 1.3.5.7.9 

2 . 4 . 6 . 8 . 10 

Having laid these aside, we find there is still left an inde- 
finite number of thin yellow spikes, with thickened widened 
tops, ranged round a green raised centre, which is a good deal 
like an unripe strawberry. This centre, as well as the spikes 
round it, are placed upon the swollen top of the flower-stalk, 
which is large enough to support not only them, but also the two 
sets of leaves which you have pulled off. 

If you now take one of the yellow spikes (fig. 2), and look at 
it closely, you will see that what we called its 
thickened widened top is in fact a small pouch, which 
has two hardly perceptible slits. These, when the 
flower is fully blown, open of their own accord, and 
let out a quantity of minute yellow dust As the 
flower which we are now examining is only in bud, it Fig. 2. 

.-11 , .<,<.. i •• J J. •■! Dust-spike of 

will be necessary, in looking at its dust-spikes, care- buttercup 
fully to insert a needle into their slits, and hasten the ('"^^ifi^)- 
process of opening, in order to see the contents of the pouches ; 
but one glance at a flower that is beginning to wither will leave 
MO doubt that they would, later on, have opened of themselves, 
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for the yellow dtist' will be seen scattered all about the flower 
leaves. 

When these are all removed, the raised centre of the flower 
only is left (flg. 3). It will be more convenient to look at this 
in a withered flower, in which, if you poke it about a 
little with your needle, you will And that it easily 
separates into a number of small green things, looking 
like unripe seeds. Cut one of these open with your 
penknife. It will prove to be a pod, containing one 
very small grain, which is fastened at the bottom seed-or^of 
by a scarcely visible thread (fig. 4). buttercup. 

We have now examined all the parts of our flower, and 
^^ the question naturally arises, '*0f what use are 

\m\ *^®y ' " ^® y^^ ^^ ^^® ^t\^Q grain is evident. It 

jP\ ] is to be perfected into a ripe seed, fall to the earth, 

4B^ and there become another plant like that from which 

lif^J* A i* itself sprung ; and the thread fastening it to the pod 

of buttercup is the medium through which the food necessary for 

(majp»v»«o>. j^^ well-being reaches it. 

The use of the outer covering is also clear. It wraps round 
the young bud, keeping off all rough winds and rain, and pro- 
tecting the flower in its tender infancy. 

The glossy inner covering serves as an additional protection, 
for, as you remember, it grew in such a way as to fill up every 
interstice left by the green leaves ; but it has besides other won- 
derful and beautifully contrived uses, of which we will only say 
for the present that the little lumps at the base of each leaf are 
most important for due success. 

The dust-spikes also, with their slender thread-like stalks, 
and curious double pouches, have their work in the world to 
do ; but we must leave the consideration of what that is, till 
we have looked at a few more flowers, and for the present I can 
only say their business is curious enough to be well worth our 
waiting to understand. 
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The "WALI/-PLOWBR. — Let us now turn to the wall-flower 
(fig. 5), and see how it will help us on our way. It is very unlike 
the buttercup in its appearance and manner of growth, and it will 

therefore be interesting to notice what are 
the points of resemblance between the two 
flowers, as they will be likely to be the rule 
in the flower world, though of course we 
must examine many more flowers before we 
can so far generalise as to feel sure of rules. 
(Should you have no wall-flowers at hand, 
the meadow cuckoo flower, the garden stock, 
or any sort of cress, will answer the purpose 
Pig. 6. equally well.) 

- ower 0S8D . Take a good-sized bud : you will see that 

the outer covering is composed of four brownish-green leaves, 
fitting exactly at the edges. These four leaves are not quite like 
each other ; two of them are opposite and equal, and of a smaller 
size, while the other two, also opposite and equal, are larger, 
especially near the base, where they have a swollen appearance. 

Pull these off", and you come to four coloured sweet-smelling 
leaves, most delicately and beautifully veined (see fig. 6). These 
wrap round each other in the bud, but in a full-blown flower 
are spread out in the shape of an equal-armed cross ; to this 
arrangement they owe the botanical epithet of Grudform^ which 
is given to all flowers of this appearance. Their shape is rather 
curious, being thin and stalk-like at the base, and opening into 
a round out-spread leaf towards the upper part. They grow alter- 
nately with the outer leaves — that is, the space between each two of 
these is occupied by one of the coloured leaves, as in the buttercup. 
In the buttercup, you remember, after we had disposed of the 
two coverings, we came to the dust-spikes ; and here again we find 
them, not as there, indefinite, but six in number (fig. 6 repre- 
sents four of them), and not all alike, two being shorter than the 
other four, and. having their pouches fearther from the centre. 
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Just a hundred years ago, Madame de L , J. J. Sousseau's 
clever cousin, was puzzling herself about this very difference and 
the reason of it. Eousseau was teaching her botany by corre* 
spondence, and had set her as a problem '^ to discover the reason 
why these two dust-spikes are shorter than the rest, and why two 
leaflets of the outer covering are more protuberant than the 
other two/' Her answer was right a» far as it went, and pleased 
Eousseau, for he writes, June 19th, 1772 : — "Your solution of 
my question is perfectly right You have accounted very well 
for the swelling of the outer leaves, and the short- 
ness of the two dust-spikes, by pointing out the 
bending of these two (see fig. 6). One step more 
would have led you to the primary cause of this 
structure : for if you ask once more tvhy these dust- 
spikes are thus bent and consequently shortened, I 
answer that you will find a little gland on the en- 
larged top of the stalk, between the central organ Dug^jkes of 
and the dust-spike (see fig. 6) ; and it is this gland, wau^ower. 
which, by throwing it to a distance, and forcing it to take a 
round, necessarily shortens it. There are two other glands, 
one at the foot of each pair of longer dust-spikes ; but being 
on the outside of them, between them and the outer covering, 
they do not oblige them to bend, and therefore do not shorten 
them,'' and as there is no bend in them, there is nothing to cause 
the leaves outside them to bulge. " These four glands," Eousseau 
goes on to say, " or at least vestiges of them, are more or less 
visible in almost all cruciform flowers, and are much more distinct 
in some than in the stock." You have probably already guessed 
that these little " glands " have the same purpose as the sticky 
lumps we noticed in the buttercup, though what this purpose is 
remains yet a mystery; as Eousseau says, "We anticipate a 
little too much in the inquiry into the use of these glands, let 
us therefore return for the present to our flowers." 
, In the wall-flower, as in the buttercup, \!h!^ ^\i<:^<^ ^^^^S& 
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placed upon the swollen top of the stalk ; the swelling is here 
very plainly to be seen, as are also the little marks left, where 
each leaf has been removed. 

We now come to the seed-organ, which, instead of being 
formed of a number of little seed-pods, each containing one grain, 
is here seen as one column, thick, rather shorter than the four 
dust-spikee immediately surrounding it, and having a slightly 
forked top. The pouches of the dust-spikes are shaped somewhat 
like an arrow-head, and their slits, turning towards the centre of 
the flower (see flg. 6), are visible, even in the bud. Look at 
a fully-blown flower. The slits in the dust-spikes are open ; the 
forked top of the central column is damp and sticky, and has 
several grains of minute yeUow dust adhering to it. Turn again 
to our bud. The slits in the dust-spikes are quite closed ; the 
forked top of the central-column is not sticky, and has no dust 
upon it at all ! Do you see how the wall-flower is helping us to- 
wards the solution of our enigma, viz. the use of the dust-spikes? 
The seed-column is but small in the bud, so it will be more 
convenient to look at it in a full-blown or faded 
flower. Such you will find lower down on the branch 
from which you picked the bud. If you cut one of 
them across, you will see that it is a pod containing 
seeds, and that it is divided into two, by a thin parti- 
tion running down the middle. Now split it from 
top to bottom ; the seeds are fastened to the middle 
partition by short cords (fig. 7) ; on carefully remov- 
ing this partition you will see that seeds grow on the 
other side of it also, in exactly the same manner. 

Now what has our wall-flower taught us ] We 
have seen that it, as well as the buttercup, is placed 
Spiit^d-pod on the swollen top of the stalk ; that it also consists 
ofwau-flower. gf an outer covering and an inner covering, so 
arranged that every space left in the outer covering should be 
occupied hj a leaf of the inner; of a set of dust-spikes, and a 
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eeed-oigan, not, as in the buttercup, split np into a nomber 
of tiny pods, but forming one large one : in both cases these 
seed-oi^ans contain grains, and nourisli them by means of cords. 
The use of the dnst-spikee still remains a mystery, but the 
presumption that they have some important function ia much 
strengthened by findiag that a flower in many lespecta so differ- 
ent to the one before examined does not dispense with them. Also 
you have probably begun to suspect that there is some connection 
between the top of the seed-organ becoming 
sticky and the pouches letting out their dust. 

The Cdodhber. — Theie are some plants 
which bear two different sorts of flowers, 
one containing no dust-spikes, the other no 
Boed-organ ; that is, no organ with grains. 
The melon, cucumber, Tegetable-marrow, oak, 
and hazel, are all examples. We will take 
the cucumber flower, as you are almost sure 
to have access to vegetable-marrow or cucum- 
ber plants. The flowers of these plants differ 
in small particulars, but as the structure of 
both is rather complicated, we wiU not 
attempt a minute examination of them, but 
only dwell on one very important point com- 
mon to botL 

Look at any flowering branch. There 
are several bright yellow flowers on it, very 
unlike any we have hitherto examined, but 
still evidently flowers ; look ^ain, they are 
not all alike, some of them have long, thin p^g. g. 

swellings just beneath the flower (fig. 8), Fmit-t^y™"!"! 
which look like miniature encumbers or vege- 
table-marrows, while others have no appearance of the kind, and 
are besides a good deal smaller (fig, 9). Opcm Qn.% c& *&!!& %i^ 
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tumed of ttwe, catting through the flowei into the Bwelling 
below it ; you will find the outer coveting and the inner covering 
alljoined together, in a wa; that makea Uiem 
difficult to recogoiae, and a multitude of 
grains in the swelling below the flower, 
which show that in spite of its position, it 
fulfils the same ofQce as other seed-organs, 
and is the receptacle for the seeds ; but you 
will find not only no dust-gpikea, but no 
oi^an of any shape or kind containing dust. 
Kow cut open one of the other smaller 
flowers (fig. 9) ; there are the two coverings 
as befbr^ and besides them, curious-shaped 
pouches, each twisted into the fonn of an a 
lying sideways, which, though they grow on 
nothing that can be called a apike, are evi- 
dently full of dust ; but, however far you cut, 
you find no seeds — the flower is without a seed-organ. 

If you consult any gardener on the subject, he will tell you 
that he expects the flowers with swollen stems (i.e. those con- 
taining seed-organs) to come to &uit, and the others to wither 
and die unproductively. Apparently then these unproductive 
flowers are useless, merely a freak of nature I So suppose we go 
to a cucumber frame, whose plants are not yet in blossom, and 
cut off every bud whose stem is not swollen before it opens. 
The consequence wiU he that the buds with swollen stems will 
flower as usual, but after they have withered, no growth of the 
miniature fruit at their base will take place ; and if one of these 
is cut open, it will be seen that the little grains in it, instead of 
growing and ripeniI^^ are drying up and withering away. Thu8 
our improvement upon Nature's plans has prevented a whole 
caeumh^ bed &om bearing &uit ! 
Sat yet the use of theae unprodactive ftovien»iB iiot decided ; 
»» Mn oalj- proved that they haoa a use, ssA it «^«a'i\i \\« 
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in tlie dust-spikes, for they are the only organs possessed by 
them, and not by the productive flowers. 

Let us go to a cucumber firame at a distance, where the 
flowers are in full bloom, and take a little dust from one whose 
dust-pouches are already open ; then let us drop this dust into 
one of the flowers with swollen stems on the bed upon which 
we have been experimenting. It will readily be received, and 
retained by the sticky top of the seed-organ ; and the result will 
be, that this flower, unlike its neighbours, will be productiva 

This is an easy experiment, and it 1b so difficult for any one 
unacquainted with the manifold mysteries of Botany, to believe 
that the presence or absence of a little yellow dust should make 
aU the diflierence between an eatable cucumber, with seeds enough 
for indefinite multipUcation, and a dry withered lump of no uao 
to any one, that it is worth the destruction of a few cucumbers to 
have ocular demonstration of the feict. 

l^ow, having determined that the use of the dust-spikes is to 
change the little round grains in the seed-organs into fruitful 
seeds, and that they are indispensable for this purpose, a new 
question arises : How is the dust borne from the pouches to the 
sticky top of the seed-organ needing iti In some flowers, as 
the wall-flower, the matter is simple enough, for the slits in the 
pouches turn towards the seed-organ, and surround it in such 
a way, that when they open, some of their dust must of necessity 
come in contact with, and adhere to, its sticky top. In other 
flowers, as the fuchsia, the seed-column is much longer than the 
dust-spikes ; but here the flowers hang down their heads, as if 
on purpose to enable it to catch the dust as it falls ; nevertheless, 
many flowers remain, as the evening primrose, having long 
columns, and short dust-spikes, which carry their heads erect, 
and in the formation of which no counterbalancing alterations 
have been discovered. There are others, as the cuoumber hsA 
just taught us, which have two sorta oi ft.ON?«t», cras^ ^i.Qv>i^'»sss2a% 
the seed-organ, the other the dust-Bpikea •, aaii >2ti5S!» «sfc ^^^i^ 
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others, as willows, poplars, red and white campion, etc., which 
not only have two sorts of flowers, bnt bear them on different 
plants. 

In cases like the cucumber, it is possible (supposing very 
favourable circumstances) to believe the wind blows the dust 
from one flower to another. But what happens when the flowers 
grow on different plants 1 The wind cannot carry it, for even 
supposing it to blow in the right direction at precisely the right 
time, it would scatter the minute particles far and wide in the 
first few yards. 

We must turn to the animal kingdom for the solution of this 
puzzle. 

"When you have seen bees and other insects buzzing from 
flower to flower, you have probably thought them busy about 
their own work alone ; but in fact the honey they collect is the 
wages they receive for doing the flowers' messages. These 
messages are always the same, the diffusion of dust from the 
pouches to the seed-organs of flowers ; and no one noticing the 
quantity they sometimes have upon their hairy bodies, and the 
number of flowers into which they fly, can doubt that they do 
their work thoroughly. By the time that the pouches have opened to 
let out their dust, or the tops of the seed-organs have become sticky, 
the nectar-cells are already filled with honey. Of these last we have 
not spoken by name, but I think if you put your tongue to the 
little " glands " in the wall-flower spoken of by Eousseau, or to 
the lumps observed at the base of the yellow leaves in the butter- 
cups, their sweet taste wOl determine you that they deserve the 
name of nectar-cells. Look at them again, you will see that in 
both flowers they are so situated that the insects visiting them 
must rub against the dust-spikes and the seed-organ before 
reaching them, and that there is therefore no fear of their getting 
honey before they have earned it. In all flowers, whatever their 
shape or size, the situation of the nectar-cells is similar with 
regard to the other organs of the flower. 
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There is yet one difficulty to be disposed of. How can the 
insects know where their work is needed ? 

Here comes in the nse of the varied bright colours and sweet 
scents of the inner covering of flowers ! The red campion 
flower has different flowers on different plants. Imagine a bee 
having just done sucking the nectar from a plant bearing dust- 
spikes, and highly satisfied with the supply it had gained from 
it ! Eancy it hovering about in doubt as to which flower next to 
enter ! Would it not instantly be attracted by the appearance 
and scent of one like that which had lately pleased it so well, 
and eagerly try its fortune there 1 It is very likely that this 
second plant would be one with seed-organs, just needing the dust 
with which it was covered. 

Hence the necessity that plants should, for their own sakes, 
have different sweet scents and bright colours, and not solely, 
as is often supposed, for man's pleasure and enjoyment. 

After this long digression, let us return to our practical 
examination of flowers, with, I hope, a new interest in all the 
arrangements of their structure, which seem to mean so little to 
ns, but which may mean so much to them. 

GoRSE AND Pea. — ^We will now turn to a flower, very unlike 
those we have hitherto examined — viz. the wild gorse. Its struc- 
ture is rather complicated, but as you are sure to be able to And 
the flower itself to examine, I hope to be able to make it clear. 
We will look at it and the garden pea together ; they both be- 
long to the same tribe, and the slight differences between them 
help to make the structure of both plainer, and are besides very 
wonderful to see, because we can understand the— or, at any rate, 
one — ^reason for nearly aU of them. 

Pick then a white pea-flower ftom your vegetable garden, 
and a sprig of prickly gorse from any common near, and let us 
begin by examining the latter. Hitherto we have been careful 
in observing how all the parts of our different flowers ^q^ tic^iSL 
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the swollen top of the stalk. "Eovr we shall have to notice a 
digression (not very easy to trace), in so far as part of the flower 
is concerned. 

Take a bud ready to open. There are no green leaves to be 
first pulled off, for the whole flower is tinged with yellow. 
The outer covering (fig. 10, o, c) seems to be made up of two 
large brownish-yellow leaves, entirely ccjvered with a thick down, 

meeting at the edges, and enfolding the 
rest of the flower. I say, this covering 
^ seems to be made " of two leaves, because 
a closer inspection will show that if you 
Fig. 10. press the upper of these leaves against your 

Flower of gorse. thumb-nail, it will be clearly divided into 

two at the top ; while the lower of them will in like manner 
divide into three. This may seem but a faint indication of the 
compound nature of the leaves ; but a glance at the garden pea 
(see fig. 14, p. 17) will settle the question, for in it, the outer 
covering is evidently composed of five leaves, joined to each 
other about half-way up. Try to rob the gorse of its protect- 
ing leaves ; you will find that quite at the bottom they are 
fastened to the yellow inner leaves, and that therefore you will 
leave a little of them behind. The fact is, that though they do 
grow on the stalk, the yellow leaves and dust-spikes do not, but 
on a little ledge composed of their point of junction with the stalk. 
This, as I said before, is not easy to trace, and I do not think 
it can be done till the same mode of growth has been seen more 
plainly marked in other flowers. 

Now we come to the inner covering^ very irregular in shape, 
and somewhat so in colour. It is composed of five leaves, three 
of which are of a darker, brighter yellow than the other two. 
The top leaf (fig. 10, Z, I) {i,e. the one growing just within the 
mviBion of the outer covering that splits into two) is here much 
^^e lai^eat ''But/* you will say, " surely this leaf is really two, 
^^2t is far more phmlj divided at tiie top ttaaa t\i^ ^lM^r«^ cii 
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the outer coyermg." This is quite true, but nevertheless the 
reasons for considering it as one only, are conclusive ; in the 
first place, it is clearly veined as one ; there is a large mid-vein 
in the centre, from which all the lesser veins spring; in the 
second place, we have seen in our other flowers that when the 
two coverings were composed of an equal number of leaves, 
these were arranged alternately. This rule is adhered to if the 
large leaf be considered as one, but transgressed if we call it 
two ; and last, but not least, the pea has foreign relations in 
which this large divided leaf has shrunk into one of ordinary 
size and shape. 

Pull off this leaf, remarking how firmly it is fastened by its 
narrowed thickened base (fig. 11, II), IText, there are two 
narrower side leaves (fig. 10, «, /, 
and u, 8, l)y also of a very bright 
colour, growing between the 
two parts of the outer covering, 
and in such a way as to be just 
overlapped by the broad top *** — 
one. Each of these has near 
the base a curiously -shaped 
little cavity (fig. 11, si), into 
which a corresponding protu- 
berance in the two lowest. Detached inner^oTering leaves of gone. 

lighter leaves, closely fits, and keeps the whole flower compact. 
These last leaves are quite hidden by the side leaves in a young 
flower (fig. 10), but when you have pulled it to pieces you find them 
slightly joined into the shape of a little boat (fig. 11), of which 
the pointed hairy base may be considered as the keel (k), and 
all four of the lower leaves are fastened to the rim formed by 
the outer covering and stalk, in such curious and various ways that 
they may rather be said to hook on to it than to grow upon it. 

When these are removed, we come to ^e dust-Rpf^ea^NKa. 
altogetiier, in sete of&ve long, five xatbfit e\lot^i:. Tc^^ ^wi.^» 
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Fig. 11. 
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of all of them open by two slits turned towards the centre of the 
flower. Their stalks have expanded and joined together, so as 
to form a thin sheath round the central column (fig. 1 2). The dust- 
spikes are so variable in length 
in this flower, that it may not be 
possible to see that one short one 
pj^ 22. comes between two long ones, 

. Dust-spikes of gorseCenZor^ed). thoUgh this OUght to be the case. 

The seed-organ is in the form of a longish rounded pod, with 
a curved neck, stretching out beyond the dust-spikes. The top 
of it is sticky, and if you look at a bush of gorse, you will see 
it projecting beyond the keel in most of the fully-blown flowers, 
because the neck has become more curved than in fig. 12. Cut 
open the pod ; it contains only one cavity (not, as that of the 
wall-flower, two separated by a thin partition), and the grains 
are suspended by short cords from the top 
(fig. 13). These grains may be plainly seen in ^tlSO^\D 
the seed-organ of even a young flower. It is ^^^^^^'^ 
evident that they are the most important part ^- 13. '' " 

«,- . . i.1. J A 'i. j\'a SpUt seed-pod of gorse. 

of the plant, as upon them depends its diffu- 
sion and multiplication. We have already seen how carefully 
their well-being is considered in the matter of their perfection, 
how even insects are pressed into their service for this purpose 1 
Now let us glance again at our flower, and see how wonderfully 
contrivance is heaped upon contrivance for their protection ! 

First (see fig. 10, p. 14), we have the outer covering, so covered 
with hairs, that it is as good for keeping out rain as a waterproof 
cloak ; in the buttercup, when you pressed the bud, it separated 
into five leaves ; here there are five leaves, just the same, but 
they are so tightly joined that you may press till the whole bud 
is bent without making them separate at all, and when the bud 
is older, they only separate into two, and continue to enfold the 
^ower to a certain extent till it fades. When the flower pushes 
baoJ^ its waterproof cloak, it has the additioi\fl2^ a\i<eJ^\«t oi\Jsia\i\% 
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yellow leaf at the top, which, though really but one lea^ is bent 
like the loof of a house, in order that the rain may run off it (fl) ; 
then the two lowest leaves (see fig. 1 1), which we should naturally 
expect to find separate, are slightly joined, their line of junction 
being covered outside with silky hairs, and form a little boat for 
the seed-organ to rest in j and because all this is not enough, the 
seed-organ itself is covered with the softest down (see fig. 13), and 
the stalks of the dust-spikes, usually so thread-like, have expanded 
into an additional tight-fitting covering for it (see fig. 12). 

Now turn to the garden pea (fig. 14). The pod of this flower 
will eventually become much larger in pro- 
portion to its size than that of the gorse, 
so that it cannot be protected by a joined 
outer covering, as that would cramp it; 
also it needs much more protection, as 
instead of having a short stalk, and being 
closely hedged in with thorns, it grows on 
a long thin stalk, and is blown about by 
every wind. You will see how wonder- 
fully the old contrivances are altered to «. ,. 

•^ , Pig. 14. 

meet the new circumstances. The danger Flower of garden pea. 
of the thin stalk would evidently be lest the flower, being 
caught by the wind, should be blown wide open, and thus the 
rain and cold should penetrate to the centre of the flower. 
Compare a gorse with a pea-flower, and see how this danger is 
averted. There are lumps in the two lower leaves (those form- 
ing the boat), and hollows in the side leaves into which they fit, 
in both flowers ; but, besides these, there are lumps in the side 
leaves, and curiously winding hollows in the bottom leaves in the 
pea^ and the four leaves fit so tightly, that if pulled they will 
often tear before separating. Then look at the large leaf (fig. 
15) j in the gorse its edges come beyond the side leaves, and 
slightly fold over them, to keep them, m ^\aic^ \ ^Wt \s^ *viw^ 
pea tibere are four plainly-maikei lumps, t^^o on ^^jcNx^^^^,^'^^ 

o 
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fit into corresponding hollows in the side leaves ; and for fear 
this should not make all tight enough, the end of the large leaf is 

prolonged into two thin tongues, which 
cling round the rim, to which the inner 
part of the covering is attached. 

Again, notice how much wider open 
the large leaf is in the pea than in the 
gorse; this may he partly to give more 
room for the expansion of the pod, hut it 
Large petal of garden pea. jg ^^^ because it has a diifereut office to 

fulfil : in the gorse, the flower was stationary, and the big 
leaf was the roof, keeping the rain from soaking in ; in the 
pea, the stalk being long and slender, the big leaf is wanted to 
perform the office of a saih Watch a pea-flower in a high wind, 
or hold one in your hand by the end of its stalk, and blow it 
strongly ; whichever way you blow, the sail is instantly caught, 
and twisting round on the flexible stalk to which it is so firmly 
fastened, it presents itself between its tender freight and any 
breath of cold or damp that could harm it. 

There is still one more point to notice. In the gorse, the 
dust-spikes form a tight covering 
round the seed-organ ; they ap- 
parently do the same in the pea, 
but if you look more closely you 
will see that one of them (the one 
exactly under the sail) is loose 
(see ^^. 16, in which the loose 
dust-spike happens, contrary to the usual custom, to be much 
shorter than its brethren), so that the seed-organ can come out 
from its swaddling-clothes directly they become too tight for it 

Now we must leave this wonderful fiower, the history of 

irbich seems more like a fairy tale than a series of scientific facts ; 

and I hope my readers agree with me in thinking that after one 

lias put aside the atones of one's cbildixood, mt\i«k^0Tta^ixi5Li'&^- 




Fig. 16. 
Dust-spikes of garden pea. 
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' ing that the delight and the marvel of the Faiiy Princess and 
Aladdin's Wonderful Lamp are gone &om ns for ever, it is a real 
addition to one's pleasures in life to wake up, as it were, and 
find that there are fairy tales only waiting to be read, scattered 
all about God's beautiful world ; to find in them the same 
marvellous contrivances, the same unexpected results, that 
charmed us in our old tales, the only difference being that now 
the living verifications of the stories are around us; and the 
results tell of a purpose, and a wisdom, and a love that fills us 
with something more than wonder. 

The Primrose. — ^We have now come to the last of our flowers 
for examination ; it differs in many respects from those we have 
hitherto seen, and is important, as affording a good exemplifica- 
tion of how some of the botanical terms in use first came to be 
given to the different parts of the flower. 

Hitherto the otder coverings of our flowers have generally 
been composed of separate leaves ; in the primrose, on the con- 
trary, the outer covering seems to be in one piece, curled into 
the form of a cup, and prolonged at regular intervals into five 
thin spikes. Split it with your penknife, just between two of 
these ; and then carefully cut it round the bottom ; take it from 
the stalk, and laying it out flat, hold it between your eyes and 
the light. Does it still look like one piece, or is it not far more 
like five tiny leaves, veined just like any ordinary primrose leaf, 
and joined to each other by the edges rather more than half-way 
up 1 The seams are easily distinguishable from the rest of the 
leaves, from their white filmy appearance, and transparency when 
held against the light. 

We now turn to the inner covering. It too is all in one 
piece, and is so slightly attached to the top of the stalk, that you 
are almost sure to have loosened it, however carefully you took 
off the outer covering. Take another pximToa^, mA Vi^ ^ '"^^ 
before it is loosened ; there is then no 4o\i\it >b\i«»^ V^ '^^ iorra^^^ 
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of five leaves, yellow, notched at the edges, most delicately and 
beautifuUy veined outside, and ornamented inside mtli deep 
yellow spots, which combine to form a golden crown at the 
centre of the flower. Look at its under surface ; here you see 
the pale yeUow tube formed of the united leaves, running down 
into the green cup below them, and you should notice that the 
five spikes, or as we found them to be, tops of five leaves, come 
exactly between the five yellow leaves forming the inner covering ; 
give these a gentle pull, and they will instantly separate from 
the stalk, showing that they are joined into a tube rather more 
than half-way, and that if they were separate, their shape would 
be a good deal like that of the wall-flower's coloured leaves, viz. 
thin and stalk-like for some distance, and afterwards opening 
into a roimd outspread leaf. 

It has probably struck you that inner covering is a somewhat 
poor and inadequate name for that which forms the whole beauty 
of one of our most beautiful flowers, especially as, though the 
tube does evidently perform a most useful protective office, it is 
difficult to see how the outspread leaves do anything but smell 
sweet, and gladden the eyes of man, bird, and insect ; and you 
will probably prefer their other, more botanical name of crowriy 
a name which they deserve either because they are the chief 
glory of the flower, or from their shape, or from the shape 
formed by the golden spots in the centre. 

We now turn again to the remains of our flower, expecting 
to find dust-spikes ; but there is nothing left except the green 
cup with a seed column, having a swollen base, a very long 
neck, and a small round head resting in it. As we are examining 
this flower with a view to its fanciful similitudes, snip off the 
points of the cup, and see how comically it and the seed column 
represent a tiny pestle and mortar. But we have not found 
our dtuft-spikes. Has the primrose, then, like the cucumber, 
^rro different sorts offioweia, with central organs in one sort, and 
dust'Spikea in the othoT 1 Before deciding tiial ^Jfcoa \a >il!aa ^iasaftk. 
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let us make sure they are nowhere concealed in our flower. 
Split open the tuhe of the crown ; you will see at once that it is 
stopped up by five little yellow bags (fig. 17, da). They are very 
unlike any dust-spikes we have seen, for 
they have no stalks at all and are closely 
fastened to the yellow tube, instead of grow- 
ing from the top of the stalk, as does the 
rest of the flower ; but there is no difficulty 
in recognising them, for the tube is quite 
dusty with their contents. Also if you hold 
your yellow tube to the light you will see 
their stalks welded with it, and running quite *'^- ^7. 

. , , . , , , Primrose with ihort 

to its base, thus proving that they really start seed-organ. 

from the top of the stalk as in other flowers. There is, however, a 
difficulty about their position ; try to separate the crown into its 
five leaves. This you can do by tracing the mid- vein of the ex- 
panded leaves down to the base of the tube ; you will find that 
a dust-spike is attached to each of the separate pieces, t .6. that 
though there are five outer-covering leaves, five inner-covering 
leaves, and five dust-spikes, and the two outer sets grow alter- 
nately with each other, the dust-spikes break through this 
rule, and grow opposite to the leaves of the inner covering (see 
Fig. 17, da). We must go for the solution of this puzzle to 
a near relation of the primrose, which has, besides the five dust- 
spikes seen in the primrose, little scaly appendages, which are 
evidently vestiges of dust-spikes, just at the top of the tube, and 
between the leaves of the crown. We see from this that the 
ideal number of dust-spikes for the primrose is ten, in two sets 
of five each, and that it is the outer set which is wanting. This 
near relation of the primrose is called the Samolua Valerandt, 
and is very unlike it in appearance, though belonging to the 
same botanical famUjr. I have only Been \\i pomxi^ orc^Rfc^^si.^ 
ibst was in a valley in Cornwall, "wlieTe a \)Tid^XL^j, ^\*\^«ni 
had broken its way tbiough the hard toc\l, ai^aL ^» ^^Tax'©^^ 
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over the debris left in its course, just about to join the sea ; and 
there^ nestling under a ledge of rock, which alone separated it 
from foxgloves and ferns, and luxuriant boughs of honey- 
suckle and wild roses ; washed by spray of the sea on one side, 
and the stream on the other, the Samolus Valerandi reared its 
delicate stalk, bearing numbers of tiny white flowers, from among 
its deep glossy green leaves, and looked so beautiful, that it 
seemed almost a pity to have to pull its flowers to pieces to 
search for the vestiges of the missing stamens. 

There is not much to be said about the seed-organ at present, 
except that the three parts which we have noticed in most of our 
other flowers are here very plainly to be seen, viz. the rounded 
base, the long neck, and the sticky head ; and the base is full of 
little seeds, apparently stuck on to something hard in its centre. 
There is one curious feet about primroses. If you pick a 
handful of them and look into the flowers closely, you will see 
they are not aU alike, for some have long seed-organs, standing 
out beyond the end of the tube, and dust-spikes fastened so low 
down in it that you cannot And them at all without cutting it 

open (fig. 18); while others have their dust- 
spikes inserted almost at the top of the tube, 
and filling up its orifice, while their seed-organ 
is so short that it only reaches to about the 
middle of the tube (see ^g. 17). This may 
*^» seem to be only chance, but if you look at the 
plants firom which the flowers came, you will 
find that all the flowers on the same plant are 

seed-organ. evenly divided into those that have flowers 
with long seed-organs, and those that have them with short 
Later on we will discuss the theories to which this peculiarity in 
primroses has given rise, but at present it is enough to remark 
that it considerably adds to the difficulty of describing them, as 
one does not know which sort of piixnToa© is being examined, 
^nd ia therefore obliged to describe m a-woj \Jaa\. Vifii «vx\\.«v\Xv^t. 
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We have now come to the end of our flowers for this chapter. 
If the examination of flowers is entirely new to any of my readers, 
I would suggest to them that there is no quicker or pleasanter 
way of learning to know flowers than hy picking and examining 
a good many, and making tahular notes of their main character- 
istics. To show you what I mean, I will end this chapter hy the 
notes * of the flowers we have examined together. 

BUTTERCUP. 



Farts or 
Flowkr. 


No. 


Separate or 

United 

toobthbr. 


Where comiho 
off. 


Remarks. 


Outer leaves. 


5 


Separate. 


The top of stalk. 




Inner leaves. 


6 


Separate. 


The top of stalk. 


These have a curious little 
scale, covering a small green 
lump, at the base. 


Dost-spikes. 


Inde- 
finite. 


Separate. 


The top of stalk. 




Seed-organ. 






The top of stalk. 


Divided into a number of 
tiny pods, each holding one 
seed. 



You must leave the second and third columns hlank in describ- 
ing the seed-organs, till we have examined them more minutely. 

WALL-FLOWER. 



Farts ow 
Flower. 


No. 


Separate or 

United 

together. 


Where comino 

OFF. 


Remarks. 


Outer leaves. 


4 

4 


Separate. 


The top of stalk. 


Two of these are laiger than 
the others, and bulge at the 
base. 


Inner leaves. 


Separate. 


The top of stalk. 


White and thin half-way up, 
then opening into a bright 
coloured leaf. 


Dust-spikes. 


6 


Separate. 


The top of stalk. 


Two shorter than the rest, 
and pushed out by small green 
lumps, the effect of which is to 
cause the bulging of the two 
outer leaves. 


Seed-Organ. 






The top of stalk. 


In one pod divided into two 
chambers by a thin partition. 



* The idea of making tables or schedules ia ^w.^ \a \)[i<^\dXA^\Q^s^»»fst 
Henalow. 
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GORSE. 



Farts OF 
Flower. 


No. 


Separate or 

United 
tooethkr. 


Where comiko 

OFF. 


Remarks. 


Outer leaves. 


6 
6 


United. 


The top of stalk. 


These are united, two into 
one at the top, and three into 
one at the bottom of the flower, 
and only separate by smcdl 
teeth. 


Inner leaves. 


Separate ; the 

two bottom 

ones joined 

slightly. 


The rim made by 

the outer-covering 

leaves. 


The top of these is the largest, 
and protects the rest. The two 
side ones are like each other, 
and so are the two bottom ones. 


Dust-spikes. 


10 


United by 
their stalks. 


The rim made by 

the outer-covering 

leaves. 


These form a thin tight cover- 
ing round the seed - organ, 
their pouches being quite 
separate. 


Seed-organ. 






The top of stalk. 


This has a long curling neck, 
and a sticky crest, which is 
difficult to distinguish. 



PRIMROSE. 



Farts of 
Flower. 


No. 


Separate or 

United 

together. 


Where comino 

OFF. 


Remarks. 


Outer leaves. 


6 


United more 
than half- 
way. 


The top of stalk. 


These form a cup. 


Inner leaves. 


5 


United into a 
tube more 
than half- 
way. 


The top of stalk. 


These have deep yellow spots 
in the centre, and are arranged 
in the^shape of a crowm. They 
very easily come oflf. 


Dust-spikes. 


6 


Separate. 


The tube of the 
crown. 


These have no stalks at all, 
and are opposite to the divisions 
of the yellow leaves. 


Seed-organ.- 






The top of stalk. 


The neck is long and upright, 
and the top round; and its 
whole appearance is like that 
of a pestle, as it stands in its 
mortar or cup formed by the 
outer leaves. 



CHAPTEB 11. 

OK FLOWEBS WITH SIMPLE PISTIIA 

SPECIMENS wanted for this chapter are — some leares and 
stem of tlie ivy, ci^e fuchsia^ and of the lUy of the valley ; 
the marsTi-marigold (Caltha palostris) in seed, a buttercup, a 
laurel leaf, buttercup in seed, garden-pea in seed. 

We have already examined the battercup, wall-flower, pea, 
gorse, and primrose. 

In all of these we hare fonnd four parts, yiz. an outer covering, 
an inner covering, dnst-spikes, and a seed-organ. 

This leads ns to think — and those among my readers who 
have followed my suggestion of examining a good many flowers, 
will feel convinced — ^that this division into four parts is the nde 
in flowers, and that, though it is impossible, before examining a 
flower, to prophesy anything about the shape, size, or number of 
the parts, it may be pretty confidently predicted that these four 
will in some form or other be found. Therefore, it is time to 
settle what name we will call them by. 

Another thing must also have been learnt from a general 
examination of flowers, and that is, that many flowers have their 
outer covering leaves joined into a cup, and their inner leaves 
into what may not inaptly be called a crown, as you saw in the 
primrose. 

Let us now suppose ourselves in the position of the botanists 
who flrst named these parts, remembering that whatever name 
Ib chosen, must for convenience' sake be applied to the same parts 
in an flowers. We can, if we like, keep \iO ova ^^ \«a£& q\ 
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"outer-covering leaves," and "inner-covering leaves;" these 
have the advantage of being always true, whatever flower is 
being described ; whereas if we talk of " cups," and " crowns," 
the analogy entirely breaks down in haK the flowers that grow. 
But the first expressions are so long and awkward, and besides, 
convey so little idea of the appearance of the thing described ; 
whereas the latter are so short, and when true, so apt and pictu- 
resque, that I think we should feel much tempted to adopt them 
after once pointing out why it was done. This, at any rate, is 
what the early botanists did ; and the outer coverings of flowers 
have gone by the name of cups, and the inner of crovms, ever 
since. Unfortunately, the significance of these terms is some- 
what hidden by their being clothed in foreign garb, and called 
calyx, from a Greek word, xaXu^, meaning cup, and corolla, which 
is the Latin for crown. As science belongs to no nation, but is 
common to the whole human race, it is reasonable that its special 
terms should come from a language that is studied by educated 
men of all countries ; and we should therefore have no right to 
grumble if they came either all from Latin or all from Greek, 
instead of, as is the case, being derived sometimes from one, some- 
times horn the other, sometimes from a mixture of both, and some- 
times, as you will presently see, having no derivation at alL 

Also we must remember that the use of a foreign terminology, 
however good in kind, however beneficial as making it easier to 
read the works of foreign writers on the subject, has its dangers ; 
there is always a chance of losing the idea of the thing meant, 
from not understanding the word expressing it ; and how much 
is this danger increased when the word is so badly chosen that 
it really does not express the thing at all ! It is the fear of this 
confusion which makes it worth while to go on for some time 
with roundabout modes of expression, at the risk of their be- 
coming tiresome, because this plan does ensure the nature and 
purpose of the commGn&&\i parts of the flL0N7et\>«m^T^«KL^ ksior^^u 
^English people muat be specially on \ii^rc ^ot^ a%^\xi&\» *OKi& 
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danger, because while many Gennan botanists retain the words 
in their homely form all through their books, and call the cup 
kelc\ and the crown kronen merely stating by the side the scien- 
tific terms for them, and better still, keep to the same terms for 
their separate parts, and speak of kelch-hldtter (cup-leaves) and 
krone-hldtter (crown-leaves) ; English botanists always leave the 
analogy of the cup and crown altogether when they speak of 
their separate parts; cup-leaves they call sepaU, and crown- 
leaves petals. This last is £K)m a Greek word, mraXov, meaning 
spread out, and was appropriate enough, as it was originally used, 
when it was applied * only to coloured leaves that were separate 
as in the wall-flower, and corolla was kept for coloured leaves 
that were united. Kow-a-days both terms are applied to all 
flowers, which leads to an awkward mixing of metaphors, for 
who ever heard of outspread as applied to a crown ? 

For the use of sepal, no one has ever been able to give a 
reason ; no probable derivation has been found for it ; and it 
remains doubtful whether it was formed from the union of differ- 
ent words, or whether it was adopted simply because sepal and 
petal make a sort of jingle together. 

Each dust-spike is called a stanien, which is derived from 
the Greek <fr^/iuy, coming through the Latin stamen, and 
meaning a thread ; and we have no word for all the dust-spikes 
collectively. When this word was adopted, nothing seems to 
have been noticed about the dust-spikes except their long thin 
stalks ; after a time some means of distinguishing these from the 
pouches was wanted, so they were called ^Zamen^^, also meaning 
threads, but derived &om another Latin word {Mum^ and the 
pouches were called anthers, from dv&7i^hg, flowering. The 
reason for this name is not clear ; but it may have something 
to do with the fact that the pouches burst at the time of the 
flowering. Nothing was known about the 'wondetivsi \ifek-^^ms^ 
power of the dust, or pollen (Latin, meamng ^"^ ^L^iaS^^^^S^^sso% 

* "G^esciichte der Botanik," by S^t^u?,^- 
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after the giving of the names ; so it is natural that the appearance 
only of the dust-spikes should be described. 

The seed-organ is called the pistil, from the Latin pistitlum, 
signifying pestle. It doubtless owes its name to the resemblance 
which we noticed in the primrose, and which is apparent in a 
good many other flowers. The swollen base of the pistil, in 
which the seeds are, is called the ovary (from Latin ovum, an 
egg), and means a store-house of eggs, just as apiary means a 
store-house of bees. In some flowers the little white grains are 
80 like the eggs of an ant, that this seems a very appropriate 
name. The sticky top is the stigma, from ariy/tia, which means 
a brand; "in many plants this organ resembles the sort of 
brand with which the ancients used to stigmatise or mark the con- 
demned."* The neck joining these two parts is called the style 
(TTuXog, or column, evidently from those flowers in which it is 
long and thin, and bears a large stigma at the top. The pistil 
is the name for the seed-organ collectively ; you will see pre- 
sently that it, like the other organs, is composed of parts. 

We now have plenty of short terms to help us in describing 
our flowers ; but before beginning to make use of them, we 
ought to spend a few minutes in looking at leaves. In our first 
chapter we used the word leaf for a good many different parts of 
the plant ; we spoke oi foliage-leaves, of outer-covering leaves, and 
of inner-covering leaves, and all this without any very clear 
understanding of what a leaf really is. We are now going to 
examine our flowers rather more critically, especially with a view 
to understanding the structure of the seed-organ ; and for this 
purpose it will be well to compare the foliage-leaves of a few 
different plants, in order to find out the different parts that a 
leaf must have, and be able to recognise it under all its wonder- 
ful disguises. 

Pick a leaf of ivy, a branch of fuchsia, and a lily of the 
valley stem, with its two leaves, one of which seems to grow 

* Le M&oat Sixi^me Etude. 
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from the middle of the etem. Hold one of each of these leaves 

0p to the light, with their backs towards you, and notice the 

difference in their reining. 

The fuchsia (fig. 19) has one veiy large mid- 
vein, which looks like the continoation of the 
leaf-stalk, about t«n veins 
•f a secondary size branch- 
ing oat &om it, and sn 
infinite number of tiny 
' veins rnnning ont into 
every part, and making the i 
whole leaf a wonder of 
delicate network. 

The ivy (fig. 20) has no 
one vein much larger than 
Fig ift itfl feUowB ; as soon as the 
leaf begins to expand, the 

stalk seems to separate into five, and branch ont into five dif- 
ferent directions ; from these all the 

lesser veins spring, which here also 

make their network spread to every 

part of the leaf^ though it is less easy 

to distinguish than in the fuchsia, 

because the texture of the skin is 

thicker. 

The lily of the valley leaf is very 

different (fig. 21). In it there are no 

principal veins, no criss-crossing of 

unmbeTlesB small ones ; all the veins 

are abont the same size, all spring 

&om the base of the leaf, independ- 
ently of each other, and all run ^g ^i. 

their solitary course to the top, as Liiy of ma v.iiey i«™ 

nearly parallel to each other as the shape o£ tka Veai "jwm'*. 



If. a>. Ivr Inf 
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Here, then, we see an important difference ; the ivy and fnchsia 
leaves are net-veined, while the lily of the valley iBparallel'Veined, 
You should notice this distinction carefully, as it is one of the 
primary differences between plants ; the first question to ask 
in determining their names is whether their leaves are net- 
veined or parallel-veined ; and all leaves can he classed under 
one or the other of these two heads. You will also probably have 
noticed that the leaf-stalk does not cease when the leaf expands j 
in the fuchsia it ran up to the top of the leaf, getting smaller and 
smaller as it went, and constantly throwing off lesser veins,/(sa^7?^r- 
loise, on either side of it ; in the geranium it separated into five,. 
finger-mise, which five fingers also constantly threw off lesser veins, 
and so decreased in size. The truth is that the leaf-stalk is part 
of the leaf, just as much as the back-bone is part of an animal. 
It contains all the bundles of fibre which are necessary for giv- 
ing strength and consistency to the rest of the leaf ; and whether 
these happen to continue wrapped together for some time — in 
which case there is a long leaf-stalk — or to begin to separate 
directly they come out from the main stem — in which case 
there is no leaf-stalk at all — ^is a matter of very little importance ; 
this you can see in the lily of the valley, where the longer leaf 
seems to have a stalk, while in the shorter the expansion of the 
leaf begins quite at the base, and wraps round the other stalk in 
a narrow form before opening out into an ordinary leaf. 

Look again at your fuchsia branch, and notice how the 
leaves grow in pairs, and how, between every leaf and the main 
stem is a tiny bud, growing as it were in the lap of the leaf- 
stalk, and protected by it. To every pair of leaves there is a 
pair of buds, which will eventually become either branches or 
flowers. Here is a new protection for our already tenderly- 
guarded flowers ; every one of them had a nursing-leaf to take 
care of it in its infancy ! 

Tear jour lily leaf, in order to see of what it is composed. 
If you tear it cross-ways, you will be able \.o Toaka okslX* >2!aait '-^ 
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has three parts, viz. an upper skin, an under skin, and some 
pulpy substance between. You will be surprised to see that the 
skins are perfectly white, and only seem to be coloured, because, 
being transparent, we see through them the colour of the pulpy 
substance. 

Now we may return to our more interesting description of 
floweis, feeling pretty sure of being able to recognise a leaf, in 
whatever shape it may be, and also to settle whether our plants 
have their foliage-les^ves net- veined or parallel-veined, and if the 
former, whether they are veined feather-wise or finger-wise. 
We must not stop to discuss the wonderful functions of foliage 
leaves. I will only say that they are the plant's digestive organs, 
by which the raw food taken in by it is assimilated, and becomes 
the nutriment necessary for carrying on its life and growth. 
Speaking roughly, they are to plants what stomachs are to 
animals. 

Mabsh-Mabigold. — Pull up a whole marsh-marigold plant ; 
or if this is too large, cut off a branch near the root. Tou 
will recognise it by its great cool-looking yellow flowers growing 
in damp shady places, or along the bank of a stream, and sur- 
rounded with large glossy leaves. 

The leaves are of two sorts, some growing on the stem, wrap- 
ping round the flower-stalk, and having either no stalks at all, 
or very short ones ; while the others do not grow from the stem, 
but from the stocky or thickened part, just above where it joins 
the root ; these have enormously long thick leaf-stalks, and are 
called radical leaves, from' radix, a root ; the others are called 
cavMne leaves, from caulis, a stem. Sometimes the radical and 
cauline leaves, growing on the same plant, are so unlike as to 
require two quite different descriptions; but in our marsh- 
marigold they are much alike, being of nearly the same shape^ 
having the same cunoualy dented margin, and. \Jaa «»xsi<^ ^^"^N* <^^ 
reining, arranged aa in the geranium, finger -wUt. 
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Flower. — Now wb come to the yellow flower (fig. 22)j 
wbioh is very like a large buttercup. 

"But," you will say, "here we break our rule about tlie 
four parta of flowers at ouce. lliU 
flower baa no calyx." 

I can only reply that tbere Ib no 
I rule without an exception, and tliat 
this flower undoubtedly is an excep- 
tion, in so far as it has only three 
parts. But you must remember, we 
found the use of the calyx was to 
protect the plant ; while that of the 
corolla was partly for protection partly 
to attract the insects. If, then, the 
five great yellow leaves are sufficient 
for both porposea, there is no reason why this particular flower 
ehouM not dispense with one of its coverings. As these leaves 
have to fulfil the offices of both calyx and corolla, we had better 
not call them either eepdU or petals, but aimply covering-leaves. 
Take a bud, and pull it to pieces, noticing carefully whether the 
yellow leaves are so arranged as to be capable of their double duty. 
Their arrangement is beat seen in the aepals and petals of 
the wl'd roae, in which you had better look at it, if you do not 
see it clearly in your maish-marigold. 

There are two outer leaves, entirely covering the rest of the 
bud ; and one of these keeps all tight by wrapping over the top 
of the other. Full these off ; there is still nothing of the stamens 
or pistil to be seen, but a compact mass of yellow leaves, one of 
which is still outermost, wraps over the tip of another ; pull it 
o£^ and we find the other, in its turn, wrapping over and holding 
tight the last leaf of all Kow turn to a full-blown fiower, and see 
how its leaves are arranged on the stem. At first it seems as if 
H-fl saw the alternate arrangement which we admired in the butter- 
cnp and geraniam, and others of out fto'M6iB\aftia\aa'i.'ifia:^t. 
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But this is evidently impossible, as there cannot be two sets of 
alternate rows out of an uneven number ; and a curious modifi- 
cation of the arrangement is therefore necessary. There are two 
leaves with both their edges outside (oo, in fig. 22) ; these are 
like the outer row of an alternate arrangement. There are two 
more with their edges entirely inside (in,in\ growing within and 
alternating with these other two ; and the fifth leaf fills up the 
space by having one edge in and the other out {h). You may 
try for a long time, but you will never find a more ingenious 
way of placing ^t;6 leaves so that they shall have all the advan- 
tages, both for protection and compactness, which the ordinary 
alternate arrangement affords. Compare these leaves with the 
petals of your old friend the buttercup. You will find one 
difference : the little honey-bag at the base is wanting. 

Stamens, — These are just like those of the buttercup, having 
large antJiers and long thin filaments. The anthers are in the 
shape of arrow-heads ; and you will have no difficulty in tracing 
the two slits through which they shed their pollen. But there 
is a curious thing about these slits : we found that the pollen 
was useless, unless it attained to the sticky crest of the flower ; 
now there are several sticky crests in our marsh-marigold, all 
apparently waiting for the fructifying dust ; and yet, the slits 
are turned away from them, and towards the yellow leaves, 
which are sometimes quite dusty from the contents of the 
pouches. Tlus arrangement is common to the whole of the 
buttercup family (of which the marsh-marigold is a member), 
but very rare indeed in any other family. It is thought by 
many botanists* that just at the time when the slits open, and 
the stigmas become sticky, a movement takes place in the slender 
filaments of the stamens, which, though slight, is sufficient to 
twist the anthers round, and turn their slits towards the centre 
of the flower, and that by this means the pollen is shed u^qu 
the stigmas. I must confess that I have wa\ic\i^^ a ^oc^^iaasi^ 

* Vancber'a "Hiatoire Piiysiologique des Plaatea " "VoV \. ^. ^. 
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flowers of the bnttercap &mily, and failed to convince myself 
of the truth of this theory, and am rather inclined to think that 
the wind and ingecta cany the pollen from one flower to the 
other ; but it is one of the problems that cannot be solved 
without the testimony of many observers, and one also that 
every one of my readers can help to solve, as nothing is needed 
but good eyes and patient watchli^. 

Now we come to our pietil (fig. 23). It ia 
composed of several pods, growing like the rest of 
the flower, on the swollen top of the stali, and qnite 
separate 6om each other, as yon can prove by 
palling one of^ and seeing that the rest are left 
nninjnred ; and its name, as applied to it, seems 
somewhat ahsord, as it certainly bears no lesem- 
Fistu of nmrsh- blance to a pestle. Split one of these pods open, 
""*«"'^ on the side turned towards the centre of the 
flower (fig. 24) ; yon can easily do this with the help of your 
needle, which ought to go between two rows of seeds, growing one 
on each side of the pod. These are so arranged as 
to fit in between each other when the pod is closed ; 
and thus the chance of pressure to the delicate 
httle things is avoided. We said the seeds greto 
on each side of the pod ; but if yon look closely, 
yon will see they are attached, by means of very | 
short and slender threads, and that the edge is 
thicker than the rest of the pod. Ifow pull off all 
the seeds, open the pod as flat as you can, and hold 
it up to the light. What does it resemble 1 I am n 
Biire you will see at once that it is just like, a tiny 
lea^ having no stalk, and a somewhat thickened tip and sides ; 
and if you examine it more carefully, you will find its mid- 
vein, its lesser veins branching out feaiher-vnse, its two skins, 
and the pulpy substance between them ; it mnat therefore be a 
veritable leaf 
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Now let US imagine that a foliage leaf has to become a marsh- 
marigold pod, and trace the changes it wonld go through. First, 
it would b^in to fold up ; but before its edges met, they would 
double in upon themselves like a hem (this is a convenient 
metaphor, but not quite correct, as a hem is generally doubled 
twice, and the leaf only once), and the hems on the two sides of 
the leaf would be tightly joined together, so as to form the seam 
which we opened, and which would later on have spHt of its own 
accord. Thus a pod would be formed ; and inside, on the two 
hems, just where we should put stitches, the little seeds would 
come. But how is the sticky crest made 9 The sides of the 
leaf are neither henmied nor fetstened together quite to the top ; 
they therefore come open, and try to turn back into their original 
position ; and it is this part that becomes sticky. The botanical 
term for a leaf folded in to contain seeds is carpely from xa^^og, 
(Greek for fruit). 

Tou must not understand from this explanation that every 
pod has really been an open leaf in its infancy, and gone through 
this metamorphosis. I only want you to see clearly that in the 
marsh-marigold the pistil, no less than the yellow covering, is 
made up of veritable leaves, differing in size and formation from 
the foliage leaves, just as the petals differ in colour. 

But granted that this is true of the marsh-marigold, is it also 
true of other flowers 1 How can we believe, for instance, that 
the pistil of the primrose is formed of leaves ? We must sus- 
pend our judgment on this point for the present ; though, judging 
from analogy, it seems probable that the formation of the same 
organ in different flowers must have the same origin. 

You should notice the top of the stalk, on which all the 
parts of the marsh-marigold grow, and which is very perceptibly 
swollen. Its botanical name is the receptacle, because it receives 
the calyx, corolla, etc. 

We can now make a complete table of our flower. 
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MARSH-MARIGOLD. 



Obgan. 


No. 
5 


Sepabate or 
United. 


Where comino 

OFF. 


Remarks. 


Yellow cover- 
ing leaves. 


Separate. 


The receptacle. 


Only one set of covering 
leaves, very like the petals of 
the buttercup, but having no 
nectar-cell at the base. 


Btamena 


In- 
defi- 
nite. 


Separate. 


The receptacle. 


Having two slits in their 
anthera, turned away from the 
centre of the flower. 


Carpels. 


In- 
defi- 
nite. 


Separate. 


The receptacle. 


The style is hardly percep- 
tible in these carpels. Hiey 
split by their mture (Lat 
sutwra, a seam), and each carpel 
contains several grains. 

This plant has both radical 
and cauline leaves, which are 
veined finger-wise. 



We will now turn to the buttercup again, taking one in seed, 

and try to fill up the blanks that we were obliged to leave in 

our tabular notes of that flower. We decided that the pistil was 

made up of a number of little pods, each of which, when cut 

open, contained a single seed. Take one of these little pods 

again, and look at it carefully, through a magnifying-glass if you 

have one (^g. 25). Does it not instantly remind you of a marsh- 

>^ marigold carpel, in spite of the difference in its shape ? 

I \ There is a scar where it was det^iched from the stalk ; 

jy^l slit it open from this scar to the slightly bent top, 

^■^ and you will see one seed attached to the comer 

^- 25. at the base by a short nourishing cord ; and if you 

of buttercup Iwive slit the pod in exactly the right place, you will 

(TOoyn-^/ied). gjgQ Ijq ^j^^q ^ distinguish the thickened edge on either 

side of your slit, running up to where the pod becomes narrow. 

This leads us to think that it must be formed in the same way as 

the marsh-marigold pod, of one carpellary leaf, with folded-in 

edges, and that our slit goes through their line of junction, 

^though we are not able, owing to th^ l\n.cVei coac&«t\«x.\»\ix^^l 
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the leaf, to see the mid-rib, which there should be at the opposite 
side of the pod. But how can there be only one seed 1 The office 
of the thickened edges is to bear seeds; and here there is not 
even one seed to each thickened edge ! The answer to this is 
that in the very young pod there are probably two seeds, each 
&stened to the base of its own thickened edge ; but as time goes 
on, the pod is not large enough for them both, and the stronger 
gradually squeezes its weaker brother to death, and continues to 
grow, till it completely fills up the pod, which does not split, as 
in the marsh-marigold, but falls to the earth with the seed. The 
two young seeds have never been really seen in the buttercup ; 
but as they have been frequently seen in the carpels of other 
flowers which only bear one perfect seed, we have a right to 
suppose them to be present in the buttercup also. 

You can now complete your table of the buttercup, and 
compare it with that of the marsh-marigold. 

You will see that the only difference is that the buttercup has 
two, the marsh-marigold one, covering; and this, as we have 
seen, is not a matter of very great importance. Evidently, then, 
though the marsh-marigold is not a buttercup, it is more like one 
than most other flowers — more like, for instance, than a wall- 
flower. It is therefore not surprising that it should belong to a 
large group of flowers, of which the buttercup is the type. This 
group is called Eanunculacece, or " The Ranunculaceous Family," 
i,e, the family which resembles the ranunculus or butter- 
cup; and its members are not difficult to recognise. Every 
British flower, whether with one or two coverings, that has its 
pistil and stamens growing in the same flower, all its parts sepa- 
rate from each other, and all coming off from the top of the 
stalk freely, belongs to this family, provided it also has its 
foliage leaves net-veined. (This last distinction is only im- 
portant for the sake of excluding the very smaW iocK^^ Vi ^\c^^ 
the lowering rasb belongs,) 

Yon are now able to begin collecting •, aui 1 »\i.o\3Xi^ ^Nxcros^ 
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adTise those of my leadera who wish to booome practical b 
to lose no time in setting to woik. Make a portfolio of a large 
thick sheet of paper; write upon it — " Kanunculacese;" then 
carefully dry and mount all flowers whose table agrees with 
the rules given above, and place them in it. By this means you 
win not only have the beginning of a good collection, but you 
will also become acquainted with the various branches of the 
family in a way that is impossible from the mere reading of books, 
and will, I am sure, be astonished to find what different and ap- 
parently unlikely flowers it numbers among its relations, e.g. the 
garden larkspur and wild clematis. 

We can now fill up one more of our tables, thanks to onr ex- 
amination of the maieh-marigold pistil, viz, that of the goise. 
Take a garden pea-pod, which is like the gorae, and rather better 
for examining ; it still has its calyx round it, though it has grown 
very large, and has but little left of the pretty curling style which 
we admired when the pods were wrapped in their filament robe, 
and resting in their petal boat ; bat this 
makes it none the worse for our purpose. 
Split your pod, taking care that it opens 
on the aide on which the peas are growing, 
and you will see a seed chamber just like 
that of the marsh-marigold (fig. 26). K, 
however your pod is older and you split it 
carelessly, as if yon were shelling peas, the 
seeds will be left in a double row opposite 
to where the pod has split, growing on 
strong nourishing cords, which ate fastened 
to the thickened edges ; thos the pea 
naturally splits, not by its seam, as in the 
marsh-marigold, but by the mid-iib. Later on, when the seeds 
are ripe, the pod would split of itself, both by the mid-rib and 
the seam. The pistil of the pea therefore is easily compre- 
haaded, as formed of one carpellary lea^ with the seeds growing 
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on the suture or seam. When this is the case, "whether the 
pistil is formed of a single carpel as in the pea, or of several 
separate carpels as in the marsh-marigold, it is convenient to 
describe the seeds as having the sutural mode of attachment. 

In the next chapter I hope to complete the examination of 
different sorts of pistils. Meanwhile you will find it a most in- 
teresting problem to pick different flowers, and try to make out 
the structure of their pistils, seen by the light of what you already 
know of the formation of that of the marsh-marigold. 



CHAPTEE III. 

ON FLOWERS WITH COMPOUND PISTILS. 

SPECIMENS wanted for examination, common stonecrop 
(Sedum acre) ; plant oi foxglove (Digitalis purpurea) ; branch 
of white campion (Lychnis vespertina) ; heartsease (Viola tricolor) ; 
shepherd! 8 purse (Capsella bursa-pastoris) ; and dead nettle. 

We have now examined carefully the pistil of the marsh- 
marigold, and if you have followed my advice, and begun a 
collection of flowers belonging to the ranunculaceous family 
{Eanunculacece\ you are by this time pretty well acquainted with 
its form of pistiL However much this differs in minor points 
in the various flowers you may have met with, whether smooth 
like the columbine, or covered with prickles like the com 
buttercup, whether styleless like the marsh-marigold, or furnished 
with a long feathery appendage like the clematis, it is always 
alike in the one essential point of having pods separate from one 
another, and each pod formed of a single leaf curiously folded 
in, and modified in size and shape. 

We saw too in our last chapter that the pea and the gorse 
resemble the marsh-marigold in having pods formed of a single 
leaf ; the main difference between them being that whereas the 
marsh-marigold has a little group of these pods all growing to- 
gether at the top of the stalk, the pea and gorse have but one, 
into which they pack all their seeds. We will now leave the 
apocarpotis platHa (from a^o, from, i.e, separate from), i.e. pistils 
whose seed-cbambers are formed of a single le^af, and try to make 
out how other pistils, many of wliich. IoqIVl aa Vi ho TCL0^2^Qi^\Q.\i 
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of leaves could make them, are formed ; and for the solution of 
this problem we must examine a good many flowers. 

The Stonecrop. — ^The yellow stonecrop (Sedum acre) ia a 
very good plant to help us on our way towards understanding 
more complicated pistils. It grows on rocks and old walls, and 
has masses of dazzling yellow flowers, which make it well deserve 
its common name of " gold dust." There is another sedum very 
like this, except that its flowers are white, slightly tinged with 
pink [Sedum anglicum), which is generally to be found on 
garden rockeries, though its proper habitat is barren commons, 
and places near the sea ; and this will do as well as the yellow 
kind for following the description. 

Pick a good-sized piece of the creeping straggling plant. We 
have spoken of the striking difierences between the foliage leaves 
of diflerent plants, and here is a good example. Can you imagine 
two things more unlike than the graceful deeply-cut leaves of 
the wild geranium, and these fat stumpy excrescences, in which 
the veining has so entirely disappeared that it is difficult to 
settle to which of our three sorts of leaves they belong ] if, how- 
ever, you look at a leaf that has grown brown and thin from old 
age, you will be able to distinguish one mid-rib and no other large 
vein at all, and this will make you pretty sure that it belongs to 
the section of feather — or as they are botanically called, pinnately- 
veined leaves ; this word is derived from the lAivnpinna, a feather. 
The leaves are entire at the edge, Le, neither cut nor notched, 
and they have no leaf-stalks ; this makes their arrangement on 
the large stem, which is very curious, more easily traced. 

Leaf-arrangement of Stonecrop, — In the fuchsia two leaves 
always grew from the same spot, or node (Latin, nodus, a knot) as 
it is called, from the little knot generally perceptible where a leaf 
separates froni the stem : these leaves in the f\iciham\?«t^ ^■xas.^iVj 
opposite to each other, z.e. one grew on onft s\!^"ft oi ^^ ^^ts^> 
He other on the other; if one pointed east, t\i^ o\!ti'et ^ovciwik^ 
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west. There is another arrangement very common to plants, in 
which only one leaf grows at a node, and the one next above it 
is exactly opposite to it ; i,e, supposing we call the nodes 1, 2, 3, 
4, 5, 6, and imagine that the leaves growing at 1, 3, 5, point east, 
then those growing at 2, 4, 6, would point west. This may be seen 
very plainly in wheat, barley, or any grass. It is the proper 
alternate arrangement ; but botanically this term is applied to all 
the various and complicated arrangements in which only one leaf 
grows at a node. 

We must only glance cursorily at the arrangement before us 
(fig. 27) ; one leaf grows at a node (1), but the 
next above it by no means points in the opposite 
direction ; and though the third is veering round 
towards the direction of number one, it is not 
till we come to the sixth leaf (6) that we find one 
really pointing in the same direction as the first 
You will find this true wherever you look ; in 
whatever direction the leaf that you select for 
number one points, the sixth, and none till 
the sixth, will point in the same. I cannot attempt to explain 
the rationale of this leaf-arrangement of five, at present 
I only draw your attention to the fact because it is one that 
ought to be noticed, said also because it is such a wonderful 
exemplification of the truth that nothing comes by chance. 
What can seem more hap-hazard than the way leaves stick on to 
the stem ! and yet here we find them growing 
by regular arithmetical rule ! 

Now we come to the easy pretty part of 
our work, viz. the flowers ; their golden stars 
are to be seen aU up the stalk, but the eldest, 
which have mostly gone to seed now, are to be 
found between the branches, and low down on the plant 

Cal^x, — This is composed of five fleaky lea^ea, whicli can only 
€i£3tinguiahed from, the foliage leaves oi V^i^ ^^3Mi\. Vj HJtvssa 



Fig. 27. 

Leaf-arrangement 

of stonecrop. 




Fig. 28. 
Flower of stonecrop. 
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position. Some botanists consider that these are joined at the 
base, and that the small rim round the pistil on which the petals 
and stamens grow is formed by them, at the point where they 
open out into leaves ; but the later and probably more correct 
view which is held by French and some English writers is that 
this rim is due to a curious dilation of the receptacle, which is 
. welded together with the bases of the three outer whorls of the 
flower, so that while the pistil grows on the top of the stalk in 
the ordinary way, the sepals, petals, and stamens all come off this 
flower-rim (as we will call it) so close to each other as to become 
somewhat attached. When we study the rose feunily, you wiU 
see this sort of growth more plainly. 

Corolla. — ^This has five yellow pointed petals. In all but 
colour they are more like ordinary leaves than anything else 
upon the plant; their mid-rib is plainly marked by an in- 
dentation on the upper, and by a thick green line on the 
under, surface ; and by holding a petal up to the light, you 
may also see a few lesser veins branching out from these. 
The petals grow on the flower-rim, just within, and alternately 
with the sepals. They are really separate from each other, 
though the filament growing between each two petals some- 
times makes them seem to be slightly united. 

Stamens. — ^These also come off with the petals, and apparently 
grow on them ; I say '* apparently," because as a matter of fact 
they also spring from the flower-rim, though they are for a 
short distance joined to the petals. You will have no difficulty 
in believing this if you look carefully at the flower before you, 
for you can almost see that the five stamens which grow between 
the petals are really coming from the flower-rim, they are so 
slightly attached to the petals on either side of them, while the 
other stamens, though they only come off from the petals about 
a quarter of the way up the mid-rib, can yet be clearly traced to 
the bottom of the petals; also there is tti© analog oiSJaft^TsssL- 
Tose to help us, where the stamens were welda^i ^wSStv >2cka ^^\5^ 
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for the whole length of their filaments, and yet we settled that 
they really sprang from the receptacle. The anthers so soon 
tumble off, that you must look for them in a bud ; they are like 
those we saw in the wall-flower, though much smaller, and have 
the same mode of opening by two slits near the edge of the side 
that is turned towards the centre of the flower. 

So far the arrangement of the different parts of our flower 
has been just what we should expect ; the petals alternated with 
the sepals, and the stamens were evidently in two sets, the five 
growing between the petals being older than the other five ; but 
now we come to a difficulty, the pistil is composed of five carpels, 
and these do not grow between the five young stamens, but 
exactly opposite to them. I am unable to tell you the reason of 
this ; as far as I know, no satisfactory one has ever been 
suggested, and there is no friendly relation like the Samolus 
Valerandi to step in and tell us whether anything is missing, 
and if so what ; nor do the plainly marked nectar-cells (see fig. 
30, n) help us, for they also grow opposite to the carpels. I 
may therefore submit the matter to my readers as a riddle with 
an unknown answer, for that there is an answer somewhere for 
every difficulty, whether great or small, that comes in our way, 
we may feel perfectly sure, and I cannot too often repeat that 
hunting for these answers is one of the main fascinations of 
Botany. One does not need to have much knowledge, nor any 
special ability, to watch and think about flowers ; and every one 
who does this is almost sure to discover some beautiful little 
nicety, some fresh adaptation which throws a new light on 
everything he has before heard or read on the subject. Of course 
it may, Emd in ninety-nine cases out of a hundred will, be true that 
the discovery has been discovered by some one eke before ; but 
that does not take away from the delight of making it, nor does 
it prevent it from being a possession, and having a life of its own 
which no second-hand knowledge can possibly have — and be- 
sj'desj there ia always the chance oi ttie "bxm^^^MIti ^j»a^\ 
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PietU. — To retniji to our flower. Tbo pietil, which grows on 
the receptacle, is a good deal like that of the marBh-marigold, 
though the carpels instead of being numerous are always five. In 
many of the faded flowers you will see these have done for them- 
selvee exactly what we did for the marsh-mallow pods with our 
needle, i.e. they have split, and show on each thickened edge, or 
^placenta, as it is called, a tow of seeds (fig. 29). 
These seeds are of a longer narrower shape than any 
we have hitherto seen, and are fastened to the edge 
by thicker coids. Yon see the pods have not split 
to the top, and if you look closely yon will see that 
the edges are not folded in, or turned down for the 
hem as far np as in our other pod, and that above 
this turning down, and below the b^inning of the 
sticky surface, the pod is much nairower. It is as if 
instead of being formed of a broad eqnal-shaped leaf 
like the lanrel, it was made of one broad at the base, and taper- 
ing towards the top, as the lilac, and thus we get some idea of the 
formation of the style, which was entirely wanting in our former 
pod, and which is here only present in a very modified form. 
Cut through the middle of the whole pistil, i.e. through all 
five carpels (fig. 30). There are the pods almost 
touching each other, and in each of them two 
seeds may be seen attached by their nourishing 
cords to the comer of the pod that is near the 
centre of the pistil ; this is exactly where you 
woald expect to find them, if yon remember that 
you are seeing the inside of the pod, with one seed 
growing from each folded-in edge. 
Fig. 80. jf,j„ (.yt through this same pistil as close 

H^ pfBtn"' to the bottom as you can. Instead of seeing five 
{miarB(d> distinct carpels with the seeds in each, we now 
have (me orpan only, divided into five cVmtnbfe'w, KsAHw^i w^i& 
growing from the central comei oi ©aah. i^aniiOT. ^"^ '^'^'^ 
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see what has happened ? Figure 30, showing a section of the 
upper part of the pistil, will help you, because in it you see 
how nearly the carpels meet in the centre — in the section made 
lower down, they have not only met but grown together. The 
five seams meeting in the centre form the axis of the pistil, from 
which all the seeds grow, though in a section only two of them 
are to be seen in each chamber ; the partition walls, which sepa- 
rate these chambers, are formed of the sides of the carpel, each 
wall being made of the sides of two acljacent carpels. Do yon 
now begin to see the way in which a pistil, not partially united, 
like the one before us, but apparently single, may in reality be 
formed of several carpels ? 

We wiU finish this flower with its table. 

STONECROP. 



Parts OF 
Flower. 


No. 


Separate or 
United. 


Where oomimo 

OFF. 


Bekarks. 


Sepals. 


5 


United at the 
bottom. 


The flower-rim. 


Very thick and fleshy. 


Petals. 


6 


Separate. 


The flower-rim. 




Stamens. 


10 


Separate. 


The corolla. 


Five of these barely joined to 
the corolla, while the other five 
are welded with it some way 
np. 


Carpels. 


6 


United at the 
lower part 


The receptacle. 


Quite separate from each 
other in their upper half. 
Several seeds in every carpel. 



The Foxglove. — The foxglove {Digitalis purpurea) is a 
very good flower in which to see this perfect union of the carpels. 
It is unnecessary to describe the plant, for every one knows its 
long stems, bearing at the same time beautiful full-blown flowers 
low down, large pink buds supposed to resemble one finger of a 
love higher up, and small buds still covered by their green 
at the top. 
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Pull up a whole plant ; you will find one principal stem, and 
other shorter ones branching out from it. Kear the root are 
quantities of great green leaves growing on long stalks ; they are 
coarsely notched, veined feather-wise, with the veins standing 
out quite plainly even in their intricate network, the effect of 
which is to give the upper surface of the leaf a wrinkled appear- 
ance. As we get higher up the stem, the leaves gradually become 
smaller, and have their blades prolonged into narrow wings on 
either side of the leaf^stalk (as we saw in the larger leaf of the 
lily of the valley), till by the time we reach the place where the 
flowers begin they have become quite small, and stalkless or 
sessile ; i.e. sUting on the stem — &om the Latin sessUis^ sitting. 
In the angles or axils between these upper leaves and the stem 
the flowers grow, and each little leaf before us has in its time 
protected a tiny flower-bud from wind and rain, though now it 
has long done its work, and been outgrown by its nursling : these 
reduced leaves, with flowers growing in their axils, are called 
bracts, from Latin bractea, a thin plate ; not a very good simile. 

Owing to the twisting of the stem, the arrangement of the 
leaves upon it is somewhat difficult to trace ; but by looking at the 
bracts, you will, I think, be able to see that it is the same which 
we noticed in the stonecrop, i.e. with whatever leaf you start, the 
sixth, and none till the sixth, will point in the same direction. 

Now we come to the calyx, which is persistent, ie. has not 
fSedlen off with the petals. There are five sepals, joined at the base, 
but otherwise separate. The top one of these is very small, the 
two on either side of it larger, and the bottom pair largest of all. 

Corolla. — Look at the petals and try to count them. Pro- 
bably you will decide that there are four joined almost to the top. 
This is the natural idea, as in most foxgloves there seem to be 
only four lobes (as the divisions of a united calyx or corolla are 
called), the top one opposite to the small sepal, the two side ones 
smaller, and coming between the side and bottom sepals, and a 
very large bottom one, coming between the two large sei^ala. 
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The law of altemance, however, makes hb gness that the top lobe 
ia really formed of two, and though these are in our flower per- 
fectly united, there is a plainly marked line of junction exactly 
opposite the small sepal, while in a good many foxgloves the two 
leaves separate a little below the top, and then of course the 
flower is five-lobed, and there is no difBculty about it. 

Stamens. — There are four stamens (fig. 31), which come off 
with the corolla, and are joined to it for about half their length. 
Two of these are long, two shorter, and where 
they eeparate from the corolla they bend, the 
short ones alightly, the long ones very mach, 
in such a way that the anthers of each pair 
meet and form two arches, one above the 
other. You should notice, too, that the 
short stamens shed their dust before the long 
ones (see fig. 31). The position of these 
anthers seema as if only the short pair of 
stamens could possibly be alternate with the 
petals, but if they are looked at near the 
base before they have bent (see fig. 31), it 
will be seen that the part of the filament 
which is joined to the corolla exactly covers the eeam formed by 
the junction of the adjacent petals ; i.e. is exactly in its proper 
alternate position. Four scams are thus covered, but the one 
formed by the junction of the two top petals has no corresponding 
stamen. We must go to a near relation of the foxglove, viz. the 
snapdragon (Antirrhinum), to see what has become of it : in it 
we shall always find a vestige of a stamen in precisely the right 
place, which not unfrequently prolongs itself into a perfect one 
with anthers and all complete. We may therefore consider that 
as the ideal number of stamens for the primrose ia ten, so for the 
foxglove it is Jive, though for acme reason it does not produce 
aore than four. The anthers are curiously fastened to the fil&- 
njents; but tbia we will not stop to 6X.p\B.\n. b.\. ■^^eaen.V 
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PiitU. — Now take one of the pistils from your long stem 
(fig. 32), and look at it carefully. Is it foimed of one, two, or 





mora carpels } Cut it open (fig. 33), the seeds grow, a great 
many together, on a large thick axU (fig. 
33, a) in the centre. It cannot theiefoie 
be an apocarpous pistil, i.e. one formed of 
a single lea^ or the seeds would grow on 
the side-seam, as we have seen in the marsh- 
marigold. Empty your cat pistil of some 
of ite seeds, yon will see that it is divided 
into two chambers, the place where the 
two join being very visible outside (fig. 
3S, j) ; this, and the two stigmas (st) into pig, ^3 

which it separates at the top, leads us to s«uonoC(oigioY«iartu. 
think that it is foimed of tvio leaves. 

Look again at the stonecrop pistil (fig. 30), and see how the 
seams of the five carpels would form an axis with seeds growing 
round it, if they wera more closely joined. Now can you under- 
stand what has happened in the foxglove 1 Its two carpels are 
entirely united, so that the two eeams, each seam formed of two 
placentas, meet in the middle and form an enlarged axis, and 
their sides, now double by being foimed of two joined carpels, 
divide the pistil into two chambers. The loi^ style, or rather 
sfrfles (fig. 32, at}/), are united the whole way, and the two leaves 
are only separate in their s%mas. " Bat," 7011 ■fl'A ea.'j , ■* «a^ 
placenta bears one row of seeds ; there ore ioiH 5\BeKi&a&, 'fiaete. 
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ought therefore to be only four rows of seeds, two in each 
chamber, whereas the whole widened axis is covered with them." 
The answer to this is, that while the placenta is the part adapted 
by nature to bear seed, it is only a convenient arrangement for 
the sake of avoiding undue pressure that these should grow one 
at a time ; if therefore this danger is otherwise removed, as by 
increased room, there is no reason why the number of seeds 
should not be increased. When a pistil, as in our foxglove, is 
formed of carpels whose seams meet in the middle and form an 
axis on which the seeds grow, and whose sides divide the pistil 
into partitions, it is said to have axile placentation. 

The foxglove belongs to a very large group of flowers, called 
the " Scrophularia Family" (Scrophularinece). Its members may 
always be distinguished by having united irregular corollas, two 
pairs of stamens, one longer and one shorter (or sometimes one 
pair only), joined to the corolla, and a pistil composed of two 
united carpels, having axile placentation. It is one of the most 
interesting groups to study and to collect, and a good many flowers 
belonging to it are to be found nearly all the year round. The 
following table (in almost all particulars) applies to the whole 
family. The remarks of course apply specially to the foxglove. 

FOXGLOVE. 



Pabtsof 
Flower. 


No. 


Separate or 
United. 


Where oominq 

OFF. 


Remarks. 


Sepals. 


5 


United just at 
the bottom. 


The receptacle. 


Unequal in size, one being 
very smalL 


Petals. 


6 


United almost 
to the top. 


The receptacle. 


These are unequal, and look 
like four, the t^njo on either 
side of the small sepal being 
often completely joined. 


Stamens. 


4 


Separate. 


The corolla. 


In two pairs— filaments ciiri« 
ously arched. 


Cazpels. 1 


W 


United ; stig- 
mas only 


The Tec«pt&fi\«. 


Placentation axile. Very 
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Ltohnib. — There are two florto of Lychnis, or as they aie 
often called Campion, one white and the other red. There ia 
very litUe diff^ence except that of colour between them, m 
either will serve for examination. Pick a long stem. The leaves 
an deep green on their upper surfece, paler green underneath, 
and like the stem very hairy (fig. 3i). They are aemle (t.ft 
h&ve no stalk) grow in pairs 
some distance apart, and are 
pirmatdy vettted, thoi^h 
few of the lesser veins are 
visihle. A great many 
fiowBTs are to be seen 
branching out from the 
stem, bat their manner of 
growth ia very different 
&om that of the fox- 
glove. There the bottom 
flower expands first, and 
the stem goes on bearing 
flower after flower indefi- 
nitely. Sere yon see the 
main stem is stopped by a single flower, and obliged to sub- 
divide in order to continue its growth ; the two subdivisions 
are in their tnm stopped in a similar way ; and so the plant 
goes on, constancy arrested by flowers, and constantly eubdivid- 
ing. This is called the definite mode of flowering, because each 
flower definitely stops the prolongation of the special stem on 
which it grows. 

The Campion is one of the plants that has its flowers with 
stamens on one plant, ita flowers with pistils on another. We 
will first examine a eiaminate flower. It can easily be dis- 
tingnished &om the pistillate by its Bmallfet 6\.m^\fm wskj^ 
Fig. 3i is taken £rom a pistillate plant, 

^&^. — The sepals are five in nnmbex, "verj ^o^**! ttSyswe^^ , 
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and are joined into a cup almost to the top. The veins aie 
darker, and plainly seen, the mid-vein being distingniahable to the 
top of the leaves. The other lines, which might be mistaken 
for mid-veins, ate fonned bj the junction of the different leaves. 
Corolla. — The petals are also five, quite separate, and fastened 
to the receptacle, jost within the calyx, and alternating with its 
lobes. They are very cuiiously shaped, having a long thin claw, in 
which you may see one prominent mid-vein, and two smaller side- 
veins running all the way up, and finally opening into a white 
deeply-cleil leaf. On the inside of the petals, just where the 
claw opens ont into a leaf, there are four small white fingers 
(fig. 35), which combine to form 
a perfect cirele round the interior 
of the flowers. 

Stamem. — There are ten 

stamens ; five are longer and older 

than the other five (see fig. 35), 

and alternate with the petals — the 

five shorter stamens are opposite 

the petals, and often slightly at- 

tached to them. Having pulled 

off these stamens, we find left npcm 

GUI stalk a small white lump in 

the middle, with a short thread-like green thing coming out 

from the middle of it (see fig. 35), and this is all there b to 

answer for a pistil ! 

"We will now turn to a pistillate flower. Ton will probably 
find a plant not fiir from where you picked your last specimen, 
with lipe pistils at the top of the short thick stem, and higher 
up on ihe plant, between sterna which have bifurcated many 
times, fiowers fit for examination. Look again at fig. 34, which 
represents an old swollen pistil, and flowers and buds growing 

I higher up. 
The eepaJs and petals sie just like those of the staminato 
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flower, except that they are somevltat lai^r, and the sepals are 
made to bulge by the oraiy maide. We need not theiefois 
describe them again, hat may poll them off, and go straight to 
the interior of the flower, Xhere we find a large ovary with five 
white curling styles at the top (fig. 36) hut no stamens. If, 
however, you look closely, yoa will see ten green points round 
the tep of the concave receptacle, 
as shown in fig. 36. These seem 
to indicate the vestiges of stamens, 
and make one wonder whether the 
campion at some distant period 
of its histoty need to have both 
stamens and pistil in the same 




Pistil. — Look carefully at what 
we have called the five curling 
styles : you will see that the side of 
them which turns to the centre of 
the flower is rather hairy and moist. 
It is the sticma, or more correctly *^ ^■ 

the atignwiie surface, running the 

whole way down the style (fig, 36, st), instead of being confined to 
a small space at the top, as in our other flowers, i.e. the carpellaiy 
leaf has begun te unfold sooner than it generally does. J£ we 
remember that the use of the stigmatic surface is to catch and 
retain the pollen, and that in this flower all pollen must be 
bronght by insects &om another plant, it seems a natural provi- 
sion that tbe sticky surface should be unusually la^e. 

The foxglove has teught us that the five styles and stigmas 
are a pretty sure indication of the number of the carpellary leaves 
forming the pistil, and the ten lines which may be seen running up 
a very young pistil will not disturb us, if we remember the calyx 
of the campion, which showed us that ten \mQa in»,'j 'Qi%Ktv%:«% 
■tmA-nhe (Fig, 36, m) and five lines of janction, (J). Cra.\.-3wi:s Ys*Ji. 
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eeotion at campion pistil. 



octosB the middle (fig. 37). You see aa in the fosglove a mass 
of Beeda, with no peTceptible stalka, growisg on a thickened axis 
(a) ; bat there are no partdtion walls joining the e^e of the pistU 
to the axis; nothing to indicate the 
number of carpels of which it is formed. 
To explain this difficulty, we must 
imagine a pistil with five carpels formed 
like the foxglove : and we must further 
suppose that as it ripens the partition 
walla hreak away. What would be the 
effect of this 1 Evidently a pistil exactly 
like the one before us. You can prove that something like this is 
the true explanation, by looking at the pistil in a bud, where the 
partition walls project some distance towards the middle ; and 
even in the specimen before us there is a sign of where they were, 
in the angles of the pod, which are marked/ in the illustration. 
Thia sort of placentatiou, like the axile, only without the parti- 
tion walls, is called free-central, because its central axis is free 
&om the walls of the pistil. 

We shall want two tables of the campion, one for the 
pistillate, one for the staminate flower. 

STAMINATE FLOWER OF CAMPION. 



Flowie. 


K. 


"s:ssr 


Wh™™-™. 


BnuBKS. 


Sepals. 


■ 


Dnitad. 


Thenoeptaolc. 


The tlpB sra Kpanle. 


Petals. 


• 


Sepinita. 


TlwreoBptaolB. 


Thus have m long thin cUv, 
«nd t. delict* WUM where 
they open out into b&do*. 


Btameiu. 


10 


8epu.ta 


The leceplMle. 


Five long, Ave short, tlie fire 


-1 


/ 






There Is ■ thtead in the 
middle of the flower, rttoh 
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PISTILLATE FLOWER OF CAMPION. 



Pabtb of 

FliOWXB. 


No. 


Sbpabate or 
United. 


Whcbs oomimo 

OFF. 


Remarks. 


Sepals. 


Same as in Staminate flower. 




Petals. 


Same as in Staminate flower. 




Stamens. 









There are ten points round 
the base of the pistil, which 
maj indicate vestiges of sta- 
mens. 


Carpels. 


6 


United. 


The Teceptacl& 


Five long styles, with stig- 
matic surface. • 
Flacentation Aree central 



You probably think that the distinguishing mark of the 
family to which the campion belongs is having the stamens and 
pistils in separate flowers ; but this is not the case, as most of the 
members of the family have no such peculiarity ; its members 
may, however, be easily recognised, as though it is large, and com- 
prises apparently very different individuals, they all have pistils 
with free-central placentation, and all their parte grow on the recep- 
tacle. The typical flower of this group is the pink, and it is 
therefore generally called " The Pink Family" {CaryophyllaceoB) ; 
this name does not mean that all the flowers belonging to it are 
pinks, only that they all have certain characteristics 
which are most plainly seen in the pinks. 

l^ow turn to a primrose or cowslip plant : plenty 
of ripe pistils are to be found on them all the sum- 
mer, and you will see that they are formed just like 
that of the campion, except that they are even more 
perfectly united, not even the styles and stigmas being 
separate ; still they have free-central placentation ; Split primrose 
and if you look at one of the pods which. \a 8;^\\\i ^^^^^' 
(% 38}, and compare it with a split campion ^di, ^qtql ^«^%fi^ 
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thein exactly alike, each of them having ten points, in which 
you will easily recognise the termination of the ten lines which 
we noticed in the campion. I hope you will now agree with me, 
that through the gradations of the sutural, axile, and free- 
central placentations, we have satisfactorily proved that the prim- 
rose, as well M the marsh-marigold pistil, is really formed of 
leaves. 

There is only one other sort of pistil, but that is quite different 
from any we have hitherto been considering. We shall find a 
good example of it in our heartsease. 

The Heartsease. — ^The easiest variety of this flower to 
examime is the small bright-coloured one (Viola tricolor) which 
is so common in gardens. 

The stem is weak and straggling, so that it i^ not easy to 
settle how the flowers are arranged, but a young plant in which 
the stem is stUl upright will show that it belongs to the set of 
indefinitely flowering plants, for the flowers grow at uncertain 
intervals up each flowering stalk, and the lowest will have come 
to seed while the highest are still in bud. 

Calyx, — This is formed of five delicate thin green sepals, 
which do not seem to spring from the receptacle, but to be fastened 

to it so as to leave both ends free (fig. 39); 
yt)u must snip them off with your scis- 
sors, noticing that even in them the 
irregularity of our flower is visible, for the 
lowest pair is the largest and straightest, 
the side pair is shorter and a good deal 
Fig. 39. bent, while the top odd one is most comi- 

Calyx and pistil of heartsease. ,, ,, - 'xii*' n 

' cally curled round upon itself in a flower, 

which, unlike our figure, still possesses its petals. 

Corolla, — In this the irregularity is far more plainly seen, 
being apparent in colour and shape as well as size. The colour 
especiaUy varies so much in different flowers that no one descrip- 
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tion is certain to be correct even for the flowers of the same 
plant. 

In the specimen which I am looking at, the two top petals 
are of a beautiful velvety purple, and of a rounded shape, but 
narrower where they join the stem. The two next are much paler, 
are delicately veined with deep blue, and hays a pretty little 
yellow brush at the centre of the flower, where their blade ceases, 
and a thin transparent claw begins. The lowest odd one is much 
larger, of a still paler lilac, with more yellow, and stronger marked 
veining. It too has a double brush of hairs arranged in two lines, 
but they are low down on the claw, and entirely concealed while 
the petal is in its natural position. Careful handling is required to 
see that the petals really are fastened to the receptacle just within 
and alternately to the sepals, the lowest one being afterwards pro- 
longed into a comet-shaped tube, containing a drop of honey at 
the bottom, and forcing the two lowest sepals some way apart. 

Stamens, — These are not easy to recognise in the five little 
yellow leaves with their orange tips, which are now exposed (fig. 
40). They look as if they were slightly 
joined to each other, and have very 
short filaments and flattened anthers, 
which come just below the orange tips, 
and have their slits turned towards, 
and indeed almost touching, the seed- 
organ. We have seen nothing like stamens and^p£tn;f heartsease 

these orange tips before, nor are they (eraarged). 

of any importance here, being of a dry scaly substance, very apt 
to drop ofL The upper three of the stamens are just alike, the 
lower two are, at the spot where they join the receptacle, pro- 
longed into spurs, which you may find fitting into the hollow 
tube of the bottom petal, and helping to keep the flower in its 
right place. !Fig. 41 represents the inner surface of one of 
these spurred stamens. They all five grow alternately with 
the petals^ and are really separate. 
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Pistil, — ^Now we come to the pistil, which, with its round 
ovary, thin bent style, and very oddly shaped top, 
is ftomething like a tiny unfledged bird. The 
stigmatic surface is contained in the hollow which 
forms the bird's eye (see fig. 40). We take it for 
granted that this pistil is composed of carpellary 
leaves, but how, aud of how many? Take a 
Pig. 41. withered flower, with a large pistil, and cut it 
Spurred stamen ^cross the middle. You will see no axis, nothin&r 

of heartsease ^ ' ° 

(jndarged). whatever in the centre of the pistil, but three rows 
of seeds on the sides (fig. 42). Evidently the formation of this is 
quite diflerent from what we have hitherto seen ; nevertheless, 
it is very simple. We must put out of our heads altogether the 
idea of a pistil as formed of a number of little 
pods, each made by the curling up of a single 
leaf, and think of three open leaves, with their 
edges joining each other. Three seams would 
thus be formed, each of which would be made 
half of the edge of one leaf, half of the edge 

Fig 42 

of another (J). Imagine these edges turned in section of heartsease 
to form a hem, and seeds growing on the hem, ^^^ {enlarged). 
and we have our pistil before our eyes (m indicates the mid-rib of 
one of the three leaves). The great diflerence between this and 
the other sorts of pistils is that in them each placenta was formed 
by the union of the two edges of the same leaf, while here it is 
formed by the union of two different leaves; the result of this is 
that, while in other compound pistils the seeds are fastened to 
the centre and face the outside, here they are fastened to the side 
and face the centre. They are therefore said to have parietal 
(paries, side-wall) placentation. 

We have now come to the end of our pistils. They may be 

divided into two groups — viz. those that are formed of separate 

carpels, which are called apocarpous pistils, as the marsh- 

mangold, pe&, etc. ; and those which are formed by the uniting 
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of more than one carpel, which are called syncarpom pistils 
(from tf'^y, ioith^ i.e. miited with). This last group most again be 
divided into (1) those which have aacHe placentation, as the fox- 
glove ; (2) those which have free c&iitral placentation as the 
campion, and (3) those which have parietal placentation, as the 
heartsease. I advise you to examine these dififerent forms in a 
great many flowers for yourselves before you feel sure that you 
thoroughly understand their structure ; for there is no point on 
which young botanists more often make mistakes. 

We will now make a table of the heartsease. You will find 
on examination that it answers equally well for the violet. 



HEARTSEASE. 



Farts of 
Flowsb. 


No. 


Skparatk OB 
Unitxd. 


Whkbb comino 

OFF. 


Rbmarkr. 


Sepals. 


5 


Separate. 


The receptacle. 

• 


They are joined to the stalk 
at about one-third of their 
lengths, and are unequal in 
size. 


Fetala. 


5 


Separate. 


The receptacle. 


Very unequal in size and 
colour. The three lowest hav- 
ing claws and little brushes — 
the lowest prolonged into a 
tube. 


Stamens. 


5 


Separate. 


The receptacle. 


Very short filament. Scaly 
orange tips. The two lowest 
prolonged into spurs which fit 
into the tube of the bottom 
petal. 


Carpels. 


8 


United. 


The receptacle. 


Stigmatic surface in a hollow 
at the end of the style. 
Flacentation parietaL 



Before entirely leaving this subject of pistils I must mention 
two puzzling modifications of the regular forms, which you are 
sure to meet with in your examination of flowers, and which 
you will not be able to understand without a few words of 
explanation. 
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The first of these is found in the CrucifercB, or Crucifer family, 
and may be seen in the wall-flower (fig. 43), stock, or cress ; but 
perhaps the best flower for us to look at it in is the shepherd's-purse 
(Capsella bursa-pastoris), which is to be found growing 
along most road-sides, and in every kitchen-garden not 
utterly devoid of weeds. Look at one of its purse- 
shaped pods, and try to discover to which of our four 
sorts of pistil it belongs. If you hold it up to the 
light, you will see at once that the seeds are not all 
attached to one side, as in the pea or buttercup pod j 
it cannot therefore be an apocarpous pistil, and must 
have axile, free - central, or parietal placentation, 
although at first sight it looks equally different from 
all these sorts of pistils. Take hold of the two ears of 
the purse with your two hands, and pull them gently 

wSufl^er (^^' ^^)' ^®y ^^'^ separate from the bottom, leav- 
pistiL ing seeds with their tiny stalks on each side of the 
two thickened edges which are now left exposed, and which are 
really the tom-off edges of the leaves. These edges meet at 
the top, and are prolonged into a short point, and 
the space between them is filled up with a thin 
membranous substance. Now suppose for an 
instant that we have got rid of tliis membrane 
altogether ; there is then no difficulty in recognis- 
ing in our shepherd's-purse a pistil of two leaves, 
having parietal placentation. The mid-ribs of the shepherd's-puwe 
two leaves run up the back of the curious ears vwta (enlarged). 
we have noticed; the leaves meet, form their placentas (the 
thickened edges we have spoken of), bear their seeds, and unite 
in one point or style, exactly as we saw in the heartsease. 
This is a perfectly true description of our pod, for the membrane 
is only a curious prolongation of the placentas. There are two 
placentas to each margin on which the seeds grow, one belonging 
to one leaf, the other to the other ; after these have borne their 
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seeds they are prolonged between them, till they meet in the 
middle and form the carious double membrane which we see. 
This false partition^ as it is called, is characteristic of the crucifer 
&mily, and makes it very easy to distinguish. Its other, still 
plainer characteristic, of having cruciform flowers, is not a safe 
guide, as there are cruciform flowers which do not belong to the 
crucifer family. If your eyes are strong enough to enable you 
to dissect one of the flowers of the shepherd's purse, you will 
find its table exactly like that of the wall-flower, or stock. 

The Dead-Nettle. — ^The second anomalous sort of pistil is to 
be found in the Borage and the Labiate (or lipped-flower) families. 
Pick a dead-nettle in blossom, which belongs to the latter of 
these two feunilies. It is unimportant whether you choose the red 
flowered one (from which figs. 45 and 46 are drawn), or the 
white one, whose handsome clusters stand forth very conspicuously 
among the early spring, and late autumn flowers. You should 
notice that these clusters flower indefinitely — i.e, the lower ones 
blossom first, and grow on a curious square-shaped stem. The 
leaves are opposite, and each pair points at right angles to the 
one below it — ue, if the two leaves of the first pair point east and 
west, the leaves of the next pair will point north and south. 
The flower (fig. 45) has five sepals, joined about 
half-way, then separating into long thin points. 
The corolla is tubular, and clearly divided into 
two; it is the upper of these divisions which 
is supposed in its shape and position to resemble 
an upper lip, as opposed to the three lower ones, 
which are more or less united to each other, and 
form the lower lip ; and it is to this fancied 
resemblance that the family owes its name of _ ,^'^' 

*' Dead-nettle flower. 

Labiate. If you remember the foxglove, you 

will not be surprised to find that the top lobe is really formed 

of two leaves, which, though completely united in. ibi& fl^cv^^'c^ 
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are divided in some members of the family, as the ground- 
ivy. As in the foxglove, there are four stamens growing 
in pairs, two long, two shorter ; but in this flower it is im- 
possible to tell where they start from, as they are fastened 
to the back of the corolla all the way up the tube, and only 
separate where it opens out into lips. So far our flower has 
been extremely like those of the Scrophularineae ; and indeed 
the only striking distinction between the flowers of the two 
families is to be found in what we are now coming to — the pistil. 
Pull off the white corolla. It will come off bodily, stamens and 
all, and probably will bring with it the long style, whose two- 
forked stigma is apt to get entangled among the stamens. Now 
tear open the calyx, and you will find what look like four little 
green nuts (fig. 46) resting on a somewhat enlarged 
receptacle. You will at first sight be inclined to 
say, " This is simple enough — ^here is an apocarpous 
pistil, composed of four separate carpels ;" but if you 
consider a moment, you will find it difficult to 
-771 account for the one long style with its forked stigma. 
The formation of this pistil is so different from any 
Fig. 46. we have hitherto seen, that it is too much to expect 
^*^tti^^^ you to discover how it is made for yourselves, and 
I will therefore describe it shortly. The two-forked 
stigma may be trusted ; there are two carpels, each folded in on 
itself, which meet (J) and bear their seeds in the middle : the 
pistil therefore has axile placentatioo. Each carpel bears two 
large seeds only, one on each placenta, but the axis formed by 
the meeting of these four placentas is very short, and for some 
inexplicable reason the mid-ribs (m) of the two carpels enlarge 
and get fastened to it, thus making two extra partitions, and 
forming a tiny chamber for each seed. This sort of pistil is 
peculiar to the Borage and Labiate families. If you find it in a 
flower with an open regular coroUa and five stamens, you may 
know that yon have a member of the Borage family; if in a 
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flower witli an irregular corolla, and only four stamens, you may 
be sure that it belongs to the Labiate family, of which also the 
curious square-shaped stem which we noticed is very character- 
istic. 

In order to be quite sure of the characteristics of the Labiate 
family, we had better finish this long chapter with its table : — 

DEAD-NETTLE. 



Pabtb of 
Flowxr. 


No. 


Separate or 
United. 


Where comino 

OFF. 


Remarks. 


Sepals. 


6 
6 

4 


United half- 
way. 


The receptacle. 




PetalB. 


United. 


The receptacle. 


Divided into two lips. The 
upper formed of two, the 
lower of three petals. 




Separate. 


The corolla. 


In two pairs, one pair shorter 
than the other. 


Carpels. 


2 


Unit^vl ; 

stigmas only 

sepaiate. 


The receptacle. 


Placentation azila The four 
seeds plainly visible, and 
looking like little nuts. 



It will be found a good plan to get some flower of the Borage 
&mily, as the common borage, the comfrey, or the forget-me- 
not, and make a table of it, in order to compare it with our 
table of the Labiatse. 



CHAPTEE IV. 

ON FLOWERS WITH APOCARPOUS FRUITS. 

SPECIMENS wanted are— A plant of Herb Bennett (Geum 
urbanom) ; a branch of hrier rose with hips on it ; a jplum 
or apricot y a blackberry ; and an ajople. 

In our last chapter we studied the various ways in which 
leaves are modified and united for the formation of pistils. We 
have now to trace the changes which these pistils undergo in 
ripening. Hitherto we have only seen how the seed-houses are 
built, how their inmates are nourished, and how the growth of 
the dwelling keeps pace with that of the indwellers, so that the 
doors may be safely shut and fastened without risk of either 
crushing or stifling them. But plants do not remain infants to 
be taken care of, any more than people. When they are old 
'^m^gh, and strong enough, they must leave their home and go 
out into the world, and in due time form other plants, which 
shdll again bring forth seeds in their turn. It is with this 
entrance into the world that we now have to do : we have to see 
how in one plant where each seed dwells solitary, house and seed 
fall to the earth together, and together await the rain and warmth, 
which decays the one, and awakens the other into active life ; 
we have to notice the various ways which other seed-houses, 
where many inmates dwell together, have of opening, and letting 
them go their several ways ; and how other plants again have 
moat wonderful and ingenious methods of either themselves 
scattering their seeds, or of inducing tlaa saoxmal-woxld to come to 
tlieir aid and carry them. Sometimea 'w^ <iwa. ^iCt^^caXasAV^'^ 
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the arrangement we see is for the good of the plaat ; but 
whether we can do this or not, we may always feel perfectly sure 
that it does in some way or other help it, in its main purpose of 
multiplying. 

When a plant has its pistils ripe, and its seeds ready to fall, 
or fly, or be carried, as the case may be, it is said to be in fruit 
This word " fruit " is a very confusing one. In ordinary language 
it means almost any part of a plant that is edible (a '^ potato " was 
the instance of fimit given me by one of a Botany Class). In 
Botany we should expect it to mean the ripened pistil only ; but 
as in ripening the pistil often becomes attached to and incorpor- 
ated with some other part of the flower which becomes fleshy, 
botanists have taken an intermediate course, and defined fruit as 
the pistil and any other organ attached to it. This definition is 
of course independent of whether the pistil is dry or fleshy. 
Botanically, a poppy-head is as much a fruit as an apple. This 
same intermediate sort of method runs through the nomenclature 
of the different Mnda of fruit also. Botanists found many words 
vaguely used in common parlance ; they had to choose between 
altogether making new ones, or adhering to and defining the old 
ones. They chose the latter plan ; and the result is that while 
many firuits have the same common and botanical names, othais 
are called quite differently, e,g, the strawberry is as far from 
being a botanical '' berry '' as anything well can be. 

Another difficulty about fruits is that different authors have 
different ways of classifying them, and are not entirely agreed 
even as to the meaning of all the terms. For the sake of sim- 
plicity, I shall give the clearest and most general classification, 
aad ignore the small modifications of it, which you will have no 
difficulty in understanding when you come across them. 

We cannot quite follow the divisions of the unripe pistils, 
because these sometimes change so much in the process of rii^en- 
ing, but the bes^ plan ia to do so as much, aa ^o&&V\^\<b. 

FraitB are £i8t divided into those witii apocarpou« ^-ssJC^^ ^ 

F 
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those of the buttercup, pea, etc. ; and firuits with syncarpous 
pistOs^jBS those of the foxglove, lychnis, or heartsease. We shall 
only have space for the first division in this chapter. 

Tou have seen that all apocarpous pistils are similarly formed 
of one carpellary leaf folded in on itself, the only difference be- 
tween one and another of this sort of pistil being the number of 
these separate carpels that there are on the stem, their length of 
style and stigma, etc. ; but all apocarpous fruits are by no means 
thus simply and similarly formed, as you will presently see. 

There are only three of the families with apocarpous pistils 
that it is necessary for our present purpose to study ; and with 
two of these, viz. those of the ranunculus and pea families, 
you are abeady acquainted. When you have examined some 
members of the third, which is the Bosacece or rose family, you 
will be able to understand all the ways in which the seeds of 
apocarpous pistils are let out into the world. 

Herb Bennett. — Pull up a plant of the common avens, or 

Herb Bennett (Geum urhanum). Its botanical name of Geum is 

probably derived from ys^w, " I give to taste," as the roots of it 

, were formerly much used for soaking in wine to give it an aromatic 

k flavour, and for the sake of some medicinal properties which the 

, ' plant was supposed to possess. Its leaves are somewhat different 

from any you have hitherto seen, and are besides so variable that 

at least four descriptions would le necessary to give bb adequate 

idea of them. The top ones are almost entire, but they become 

more deeply cut as they grow lower on the stem (fig. 47), until 

at last they are cleft quite to the mid-rib, and divided into three 

(or sometimes five) leaflets. If you imagine these three or five 

as forming one large leaf, you will see that its principal veins 

would have left the mid-rib at different places, and it would 

therefore have been said to be feather- veined ; as, however, it is 

^at up into ieaflets, the whole is a compoxmid. -feather-veined leaf, 

^J^ as it is called, a pinnate leaf ; each l^ai^'eX. \a *\\a^ i^aSk^Kt- 
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yeined. There is another thing to be noticed about these leaves. 
Do you see the curious sort of wings growing on the main stem, 
one on either side of the leaf-stalk (fig. 47, €fti\ just where it 




Fig. 47. stem of Herb Bennett. 

parts from the stem? These little supernumerary leaves are 
common to a good many plants, and are called stipules (from 
stijnda, little stalk) ; they are to be found varying in size and 
shape at the base of the lower stem leaves of our plant. The 
radical leaves differ considerably; they have long stalks, are 
coarser in texture, and generally have several small leaflets, with 
one very large one at the top. 

Now we come to the flower ; possibly its little yellow petals 
may have dropped off, but even if they have, it will answer our 
purpose. There are five ordinary sepals, united at the base, with 
five very tiny ones alternating with them. Hold the pistil of the 
flower with one hand — its long styles will furnish a capital 
handle — and pull these sepals carefully doN^i "^SlMJcl \)svfe ^'Owst^ 
you win then see plawly the flower-rim (called. \>^ %OTXi^ «xiScL<3«» 
caljrx'tabe) to which we referred in our laai daa.^\«t i^, ^S^^^^'^i^ 
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the Bepals, petals, and Btantens all conung off fconi as nearly as 
powible the edge of the same 
circla Tig. i8 repreeenta a 
Herb Bennett flower, from 
vhich the petals have fallen, 
cut in half, and mnch magni- 
fied. Ton see there the dilated 
receptacle (r); and the flower- 
rim (rr) at some little distance 
from it, &om which the sepala, 
petals, and etamene seem to 
■ grow. I Bay seem to grow, 
e know that they really spring from the main stalk, and 

that what we have called the flower-rim is formed of all of 

them welded together. The petals alternate with the larger sepals, 

and the etamena are numerous. The pistil grows, not on the 

flower-rim, but on the part of the receptacle which is a direct 

prolongation of the stalk, and which 

is here considerably enlarged and 

lengthened (r). There are a great 

many carpels (a) separate from each 

other ; these are formed of one lea^ 

folded in exactly as we saw in the 

buttercup, though their long dry styles 

(fty) and cmiously twieted stigmas 

give them such a different appearance. 

In them, as ia the buttercup, only one 

seed comes to perfection, and the pod Fig. 49. 

does not split, but falls to the ground HeTl>Bemi»tt«hme{«a^itei> 

with ite contents. This sort of fruit is defined as apocarpous, 
dry, and indekiscent (i.e. not splitting), and its botanical name ia 
acfiette. Tig. 49 is a Herb Bennett achene cut open to show the 
thickened skin of the seed («), and the kernel or seed itself 
ffntiieljr SlUpg up the cavity. 
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Thb Strawbebbt. — ^The flower of the atrawbeny ia almcst 
exacUy like that of the Herb Bennett ; and, Btrange though it 
may seem, ita fruit also is similar. The part we eat is the length- 
ened receptacle (fig. 50, r), become so soil 
and lai^ aa to loosen and entirely en- 
vdope the real fruits (o), of which we only 
become aware by feeling them cnmcliiiig 
between our teeth. Therefore, though it 
is tme that we eat the fruit of the etraw- 
beny, no one can Bay that it ie for the 
sake of the frnit that we eat strawberries. 
fig. 51 IB a magnified strawberry achene, 
showing its stigmatic surface {et), which 

« withers up aa it ripens, and the scar («;) where it 

~g^ was attached to the receptacle. 
■^J Do you now begin to see how it may be for 

jc— / j» the good of the strawberry plant to develop this 

^^ luscious substance, of which birds and human 

Btrawbunr ichane beings are so fond ) The strawberry has a long 

(nMviyaj). straggling stem, requiring a rich soil and much 
moisture to bring ita seed to perfection. If all its seeds fell 
near t^ether, the young plants would choke each other and 
perish ; but as it is, birds ate obliged to take the seeds for the 
sake of the fruity receptacle, at which one may constantly see 
them pecking, and they drop one here, one there, where there is 
plenty of room for them to flourish ; and all this is done without 
risk of hurting the seed, protected as it is by the hardened walls 
of its little home. 

The Bbibb-Bobe. — There ia one other sort of achene which 
we mnst examine, partly because the way in which the fruit is 
protected is so curiously like and yet unlike those we have seen^ 
bnt also because the plant on which it grows is peculiarly intei- 
eating. Pick a good branch of the brier-rose. Ita beautiful. 
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sweet-scented flowers should be 'over, and ^e rich red hips 
have taken their place. The leaves Are like those we saw 
on the Herb Bennetl, compound and piBkate, but instead of 
being divided into thiee leaflets, there are sometimes Ave, some- 
times ;even. The leaflets also are pinnately-veined and regularly 
notched at the edges like the teeth of a saw. The leaves are 
stalked, and have stipules at the base, which run up their stalks 
instead of opening out at once as they did in the Herb Bennett 
At the top of each little branch come generally one, but some- 
times two or three hips, swollen and red, with their five sepals 
at the top, a quantity of withered stamens growing just inside 
them, and besides these a bunch of some stiffer brown hairs 
coming up in the middle. Before examining this fruit, I wish 
to call your attention to a most beautiful similarity which we can 
trace between the arrangement of the foliage leaves and sepals 
of this plant. Look at these latter carefully. Do you see how 

different they are from each other? Two have 
^^v curious leafy appendages on both sides; two are 

^-^ quite smooth at the edges ; and one is leafy on one 
side and smooth on the other. If you think of our 
observations on the marsh -marigold covering- 
leaves (p. 33), how two of these were entirely 
outside, two entirely inside, and one half and half, 
you will be able to understand the signification of 
^ P these different edges. Now look at the arrange- 
ment of the foliage leaves of the rose. They are evi- 
dently in sets of five — i.e, choose any leaf you please, 
I arrangement of and observe which way it points, the fifth above 

foliage leaves. j^^ ^^^ ^^^^ ^^ ^^^ ^^^^ ^^^ p^^^ ^ exactly the 

same direction. We have seen this arrangement so often that it 
is time to try and discover the meaning of it. Tie a bit of string 
to the leaf helow the one {^g, 52, 6) you mean to begin counting, 
and pass it over five in succession, till you come to the fifth 
above where you tied it. Your string will have gone exactly twice 
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Pig. 53. 
{ arrangement depressed. 



round the stem. If it had gone only once round, over five leaves 
arranged at equal distances from each other, each leaf would have 
been \ of the whole distance round, horn the last ; but as it goes 
twice round, each leaf must be ■{■ of the 'distance round, horn 
the last Look at fig. 52. The dotted 
line represents an imaginary line on 
the side of the stem where one could 
not really see it : i (which means the 
first leaf) is -f- of a revolution horn the 
starting-point {S,P.) ; ^ is -g- from the 
first leai^ and therefore -^ from the 
starting point ;5isf;^is|-;5isV, 
i,e, has exactly completed two revolu- 
tions round the stem. Kow let us see 
how these leaves would be arranged if, 
instead of growing up the stem, they had no spaces between 

them, but simply grew 
round it. Imagiae that 
you put your hand at the 
top of 5 in fig. 52, and push 
it down till all the numbers 
are level with each other. 
,^ Fig. 53 will be the result^ 
as you will see by carefully 
examining the two figures. 
But fig. 53 is exactly the 
arrangement of the sepals in 
our rose, as you will easily 
see by the help of fig. 54, 
which is the lines of fig. 53 turned into leaves. 1 and 2 are 
entirely outside, and have leafy appendages on both sides ; ^ and 
5 are entirely inside, and are smooth at the edges ; 3 is half in 
and half out, it therefore has one smooth and one leafy side. 
Ton therefore see that in the case of the io&^ e^x^W:^ Wl^ ^<sss^^ 




Kg. 64. 
I arrangement in rose sepals. 
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arrangement ia followed in tlie foliage leaves and sepaJs of tlie 
same plant — tlie only difference being that between the fiist 
there are, and between Uie second there are not, intemodea. The 
Bome arrangement can be traced in the j»faZs also of the rose, 
and would be a convincing proof^ if any were needed, of the fact 
that Bepale and petals are veritable leaves. But it is not for the 
sake of any proof that I have pointed it out to yon, but because 
it is such a beautiful example of the way in which one great plan 
runs through the making of a whole plant ; and of how this plan, 
without being broken throngh, is modified in the most delicate 
way for the better perfection of every part, even to the extent of 
making a single sepal smooth on one side and leafy on the other. 
It always seems to me as if this one example were answer enon^ 
to the people who talk as if 
Botany were a string of dry 
names, leading to nothing. 

To return to our fruits. How 
is the hip formed ) Pick a rose 
from your garden, or better still 
a brier-rose from the hedges, 
and with the help of fig. 56, 
which represents a rose cnt 
through the middle, you vrill 
soon solve the question. In 
Herb Bennett (% 48) we saw 
part of the receptacle having 
the carpels at the top of the 
stalk in the ordinary way, while the other part was dilated 
and concave, and welded with the rest of the flower which came 
off from its rim. Here we see this same rim (n-), but appearii^ 
much higher, at the top of what well deserves the name of a 
fiower-tuheirc); and the carpels, instead of growing on an ordi< 
nary receptacle, also spring from this same flower-tube, not on the 
liaj, bat all up its sides (a). The styles are long and stlE^ ending 
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in little touud koolis ; and it was these which we noticed (sty) 
pnshii^ through the nairow opening at the top of the Teceptade- 
tabe. The carpels are qnite separate from each other, and heconie 
hard and homy when ripe. Each ie formed of a single n 

leaf, which encloses one seed (fig. 66), and does not k 

split when ripe ; they are therefore called aehenes. ^1 
What part then becomes soft and palp;, and givee is\i 
the birds their favonrite antnmn food T Evidently Vw^ 
the dilated flower-tnhe, formed of the receptacle and Fig. a. 
the bases of the other parts of the fl.ower, jnst as we ^""' "''""*■ 
have seen the receptacle alone doing in a very different shape in 
the strawberry ; and probably in both flowers the good to the plant 
is the same — viz., the inducing bjids to carry and scatter the seeds. 
Ton are now well acquainted with the sort of fruit called 
aekene. There are only two other sorts of dry apocar- 
pous fruits, and both of these contain several seeds. 
Follicles. — These spUt by their seams, or mitures, 
as the carpels of the marah-marigold and sediim, 
and are called foUides (fig. 57). 

Legumes. — These split both by their sutures 

(«) and hy their mid-ribs (m), as gorse, pea, and 

bean pods, and are called legumes (fig. 68) ; from 

^f^'^ this term the proper name of the pea femily is 

Dunb-muiBcild. derived, which is LegundnoscB (or family of legumes) . 

These fruits are so simple as to require no further explanation, 

especially as you have examined them both before. 

Now we may leave the dry apocarpous fruits, and turn to 
those in which either all or part of the carpels becomes fleshy ; 
and these are by no means so simple. 

Yoa remember how every leaf is composed of three parts — 
the outer skin, the inner skin, and the pulpy substance between. 
Names have been given to those parts when they occur in ripe 
carpels for the greater convenience of speaking of them separately ; 
we Bholl come to these presently. 



74 



A YEAR'S BOTANY. 



Look at any sort of stone- fruit,'*a8 a plum, cherry, or apricot. 
If flowers are to be had, all the better, but it is not a matter of 




T'T?.. 



Fig. 58. Split UgwiM of scarlet numer. 

much importance, since they are very like others we have exam- 
ined, as you can see from fig. 59, which represents the section of a 

cherry flower. The five sepals, five petals, 
and numerous stamens, all grow on the 
rim (rr) of the flower-tube ; and at the 
very bottom, though not quite in the 
middle of it, on the veritable end of 
the stalk, rises one solitary carpel (c), 
with a long style. Now and then, two 
carpels may be seen in a young flower 
growing side by side; but there is not 
room for more than one to come to per- 
fection, and the second perishing one only suffices to explain the 
apparent one-sidedness of his more successful brother. After a 
while calyx, corolla, and stamens drop off, the flower-tube withers, 
and the carpel only is left ; this too soon loses its long style, and 
begins to grow larger and rounder. Take any one of the stone- 
fruits, and try to see what part in it has become fleshy. Evi- 
dently the carpel only is before you (fig. 60), for, as we have seen, 
all the rest of the flower has dropped off. The skin of your fruit, 
therefore, must be the outer skin of the carpel, or the exocarp — 




Pig. 59. 
Section of cherry flower. 
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irom c£u, outside («) ; the moonlent part which we eat, the polpj 
enbetance between the two skins, or mesocarp — ^&om /tiect, middle 
(m). But what haa become of the inner 
skin 01 endocarp (from itd6t, inside)! 
It has grown so hard and stone-like (en) 
that you wiD have some difficulty in 
cracking it, to find inside the one seed 
(a) filling up the whole space, and at- 
tached to the thickened edge of the 
endocarp by a short cord. When, as 
sometimes happens, there are two seeds— ^*°"™ ** " 'P'''^"*- 
or kernels, as they are commonly called — In the same peach, ot 
apricot, it means that neither seed haa been sufficiently stronger 
than the other to kill it, but that both have made a hard fight for 
life. The botanical name for all stone-fruits, i.e. for all apocarpous 
frnits with fleshy meeocarp and stony endocarp — as the cherry, 
plum, apricot, etc. — is drupe, from drupa, an over-ripe olive. 

The blackberry and raspberry have &uit8 very like the plum 
and cherry, though their appearance is so dissimilar. The only 
_,. real difference is, that as their flower-tube is 
lower, and their ordinary receptacle, which 
t-on bears the carpels, longer and more enlarged 
— more like what, we saw in Herb Bennett 
(fig. 48) — there is room for many carpels, 
Bactian of 1 biukiHiry instead of Only one, to come to perfection, 
drupel (™!=ri,«i). -g^j^ ^^^ ^^ j.j^^ jg ^ miniature stone-fruit 
(fig, 61), with black shiny exocarp (e), fleshy mesocarp (m), and 
hard endocarp (en), enclosing one seed (s), which is fastened to it 
by a plainly-marked nottrishing cord (nc). When a number of 
drupes come to perfection in the same flower, as in the black- 
beny, they are called drupels, i.e. little drupes. 

Thb Apple. — We have now only one more sort of apocarpous 
fruit to ezamine, viz, that of which the apple is the ty^. X<;>'<v % 
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would have thought it hopelessly confusu^ had we taken it at 
first ; but I hope that now, seen by the side of the rose, you 
will have no great difficulty in nnderatanding it. 

The section of a young flower ia much like that of the rose, 
except that the carpels (fig. 62, c), 
inst«ad of growing all up the sides of 
the flower-tube, and being indefinite 
in number, are always five, and grow 
at the bottom of the tube, or top of 
the stalk, whichever you like to call 
it. When the rose fruit ripens, the 
flower-tube only becomes fleshy; in 
the apple, both it and the outer parte 
of the carpels all get fleshy tc^ether, 
and are so intermingled, that it is 
Seen™ or «.ppi<, flower. difficult to teU where one ends and 
the other begins ; though a certain difference often found in the 
texture of the apple, not fax from the centre, and marked by a 
dotted line in fig. 63 (e), ia sup- 
posed to indicate the outer skin 
of the carpels. The endocarp 
becomes homy, and forms the core 
(en) which we all know, in the 
middle of the apple ; but so en- 
tirely is every nook and comer 
filled up with the fieshiness of the 
mesocarp (m), that it seems as if 
the pistil were a compound one, 
with axile placentation. Ifever- 
theless, you can see that the five 
endocarpa are really separate, and that each of them contains 
one or two seeds («) — pipa, as th^ are commonly called — or very 
often one perfect seed, and one poor little shrivelled one. Ton 
can also see the five styles running up to the top (fty) ; and 
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there are often dots in the outer fleshy part of the apple, which, 
as you remember, is formed of the flower-tube, indicating the 
fibrous bundles which at the top opened into sepals and petals. 
This sort of fruit, formed by the conglomeration of the flower- 
tube with the exocarp and mesocarp, while the endocarp becomes 
homy, is called jxwie. 

We have now come to the end of our apocarpous fruits, and 
OUT examination of the rose family ; and will finish this chapter 
with tabular notes of the first member of it which we examined 

— yisL the 

HERB BENNETT. 



Oboan. 


No. 


Separate or 
United. 


Where comino 

OFF. 


Remarks. 


Sepals. 


10 


United at the 
base. 


The flower-rim. 


Five of these are verv small. 

Authors who consider that 
what we call the flower-tube 
is formed of the calyx only, of 
course call the sepals united 
half-way. 


Petals. 


6 


Separate. 


The flower-rim. 




Stamens. 


In- 
defi- 
nite. 


Separate. 


The flower-rim, 


These come off at almost ex- 
actly the same point as the 
sepals, and often get Joined to 
them. 


Carpels. 


In- 

defl. 

nite. 


Separate. 


The receptacle. 


These grow trom the direct 
prolongation of the stalk. 



You have probably noticed that the curious flower-rim of the 
Herb Bennett, or flower-tube of the rose, bearing the outer parts 
of the flower, is the only diflference between this family and that of 
the buttercups. The description of the buttercup family is 
" Haying calyx and corolla (though sometimes one of these is 
wanting), all the parts separate, and all growing on the receptacle."- 
The description of the rose family, " Having calyx and corolla 
(though both are not always found), calyx united, all the other 
parts separate, but most of them growing on the dilated flower- 
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CHAPTEE V. 

ON FLOWERS WITH SYNCARPOUS FRUITS. 

SPECIMENS wanted for tliis chapter are — the hazd-nut, acorn, 
and head of dandelion in seed ; Herb Rohert (Geranium 
robertianum) and willow herb (Epilobium montanum) both in 
flower and seed, 9^ fuchsia, walntd, a.iidfig. 

"We found in our last chapter that apocarpous fruits had three 
principal divisions : (1) those that are dry and do not split, as 
achenes ; (2) those that are dry and do split, as follicles and 
legumes; (3) those that are fleshy, as drupes, pomes, etc. ; we also 
examined several flowers producing such fruits, and considered 
the special characteristics of the families to which they belonged. 

We shall now see that the same three divisions may be 
adopted in studying syncarpous fruits, i,el fruits resulting from 
pistils composed of more than one carpeL The examination of 
their flowers will introduce us to new families, and we should 
try to begin to separate off the families into their different types, 
as a help towards their ultimate classification. 

Dry and Indehiscent Syncarpous Fruits, — ^This sort of fruit is 
less largely represented than among apocarpous plants, and remem- 
bering that the primary object of all fruits is to start their seeds 
in the world under the most advantageous circumstances, it seems 
rather surprising that it should be represented at all. In the 
case of the rose and buttercup, where the pistils are composed of 
a great many separate carpels, we do not expect each carpel to 
contain many seeds, and can understand that the protection of 
iihe one seed in each carpel may be the thing most necessary for 
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the wflbivof the plmt ; bift Ilot can it be foi the adTtinti^ of 
any syncaipona piatil that all ite seeds shoold be akat np together, 
and (all to the gionud in exactly the same spot I Vou will sea 
what leally happens, as yon examine the exanplas. 

Thb Hazel-nut. — It ie of little conseqaence vhethet yon 
take hazels from the woods or filberts from the dessert-dish, 
provided that yonr specimens are not prepared for eating, but 
have all their pretty leafy husk round them. In the latter case 
yoa must call to mind how the; look on the trees, growing 
sometimee in bunches of twos and threes, sometimes solitary, and 
always with several large bracts wrapping round the nut, and 
actang as a protection against vrind and weather. There are no 
lemaina of flowers either within or without these bracU, no 
withered petals, or dried-ap stamens, such as we saw hanging to 
so many of the fruits in our last chapter : and even if you had 
looked months ago, when tiie nnte now so hard 
and brown were tiny soft green balls, quite con- 
cealed by their leafy covering, the case would 
have been the sama We must go back to 
the very early spring to learn the origin of 
these nuts, and even then, the hazel flowers 
are so unlike anything we generally call by 
that name, that it is no easy matter to recog- 
nise them. Do you remember the long grace- 
fol catkins (fig. 64) (called by children " lambs- 
tails," as the softer ones of the willow are 
called "possy-cats"), which one sees waving 
on the hazel trees in March, while their boughs are atill brown 
and bare 1 These are really masses of staminate flowers. Each 
flower (fig. 6&) is composed of eight stamens only, covered first 
by two small scale-like bracts (sea), and outside by one large 
overhanging bract (6), which is very hairy, and acta exactly the 
part of a thatched root The stamens ate bQB.\i.ti£<aU:3 ^«Gk!i;^\ \ 
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^t!» tiwo lowest aie vei; short -stalked, the next three longer, 

4m2 ti!k» top ones which fit in under the roo^ the longest of alL 
You can see from fig. 65 the way in 
which they split, and let ont their 
pollen. 

Looking at the picture of one 
flower, it seems as If the stamens do 
not meet with their fair share of pro- 
tection, and rather need a calyx ot 
corolla i but if you turn to the whole 
catkin (fig. 64), and see how the 

flowras are arranged, hanging down their heads, with their little 

thatched roofs coming over them, and each flower sheltering the 

one underneath it, you will see there b not much fear of any 

harm happening to them. 

But we have mentioned no pistillate flowers, nothing hut 

masses of staminate ones, and &om these we know it is quite 

impossihle that nuts should be produced. Have you never seen, 

generally near the top of the branches, 

little pink tw^ sticking out firom what 

look like ordinary leaf-huds } (see fig. 64). 

These are really collections of pistillate 

flowers, and the pink tw^ are the long 

styles, two of which belong to each 

flower. Tou may often count ten or 

twelve o£ these, indicating that five or 

six flowers are enclosed within the tight- I 

fitting bracts ; but later in the year, 

when this covering loosens, you look in 

vain for your five or six nuts, and see 

instead a number of withered styles, and 

sometimes two or three, bat often only 

one nut (fig. 66) swelling and thriving at the expense of its 
^^rved hreHaen, Tou then see what the pistillate flower is 
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like ; it, like the staminate, is incomplete, haying a united calyx 

(coQ fitting so tight round the pistil that it ie difficult to see 

what good it does, but neither corolla nor stamens. The car- 

pellary leaves are completely united in their ovaries, but higher 

up separate into two very long pink styles 

{st\ showing that the pistil is composed of 

two ; and the whole flower rests in a leafy 

bract. If you cut a pistil open while 

young (fig. 67), you would find two seeds {s) Fig. 67. 

growing firom the centre, and surrounded by Section of young hatei- 

not (mooni/Ied). 

a green, somewhat pulpy substance, and it ^"^^'- 

would be evident to you that the placentation was axile, though 
only one seed in each chamber was growing. 

Now turn to your full-grown nut. The leafy bract has become 
the '^ husk," and has so enlarged and split, that it looks as if it 
were composed of several leaves. The calyx has grown to the 
top of the ovary, where it is just visible as a ridge, with a little 
scar in the middle which shows where the styles broke ofil The 
carpels have become so hard, that you must crack them before 
you can see their contents ; and when you have done this, you 
will find, not, as you have a right to expect, two seeds, but one 
very large one, filling them completely up. Yet your nut, when 
it was young, had two seeds, as represented in fig. 67, one of 
which has now been starved and crushed. You see therefore 
that though the fruit of the hazel begins so differently from apo- 
carpous fruits, it ends by being in very much the same situation 
as the rose or buttercup, and has only one seed on which to 
expend its care ; it is therefore natural enough that the carpels 
should become hard, and continue to protect it till they rot and 
it is ready to sprout. The whole of this story seems to show 
that for the hazel the important thing is, not that it should have 
a great many seeds, but that those which come to perfection should 
be as good and strong as possible. Almost every nut that you 
eat has been the winner in three competitive &tt\\%^l<sSk \ (^\ V^ 

o 
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and his brethTen in the eame pistil have beaten the other floweis 
in the pink-twined bad ; (2) be has beaten the twin brother 
that should have shared his carpel j (3) he baa fought with the 
auocesBful seed in the other carpel, and as this last is the hardest 
fight of all, so it not iin£:equenUy is drawn, and then we find 
two kernels in the same nnt. 
In speaking of the fruit of the 
hazel, Botany and common con- 
Tersation are for once agreed, as 
the term for a syncarpons, dry, 
indehiscent &uit is nut. 




BUmlnits cittkia of 



AooBN. — The fruit of the oak 
is also properly speaking a nat, 
though here Botany has adopted 
its common name of acoin and 
latinised it, so that it is oflenet 
called a gland. Its floweis aie 
something like those of the hazel ; 
the staminate ones grow in loose 

catkins (fig. 68), not closely packed as in the hazel, but with a space 

between each Sower, which £ower consists of six to ten stamens 

with a calyx of six or eight sepals growing 

round them (fig. 69). The pistillate flowers grow 

one or two on a short stalk which is placed 

intheaxilof aleaf (fig. 70): tbey are separate 

bam each other, and each of them has a 

whole collection of tightly-fitting cup-like 

bracts ; it also has a calyx growing round and 

joined to the ovary, as you saw in the nut, 

and at the top, coming thioogh this, are s<nsi°>ti 

three stomas, showing that the pistil is com- 
posed of three carpels. K you pull off the cup from a young 
acorn, and cut it across (fig. 71), you will see plainly its axile 
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placentation, and the two young seeds in each chamber. Later 

on five of these have perished, and one is occupying the whole 

cavity; thus, though the successful seed in the 

oak has only one struggle for life, it cannot be 

an easy one, as he has five competitors. The 

little spike that one finds at the top of the 

acorn is the remains of the stigmas with the 

top of the calyx surrounding them. Both 

the hazel and oak belong to the family of the 

AmentacecB, or, as it is sometimes called, the 

" Catkin Family." 

The winged fruits of the ash, sycamore 
(fig. 72), etc., which are commonly called 

" keys," though they are really 

nuts, go by the name of Samara, 

and in them two or even more 

seeds come to perfection. K you pick any of these 

you will easily understand that their curious shape 
is caused by a thin expansion of their 
carpels, which enables them to be carried 
and scattered by the wind. They are 
found in very different families. 





Pig. 70. 
Fruit of oak. 



Fig. 71. 

Section of young 

•com. 




Fig. 72. 
Sycamore samara. 



Dandelion. — ^There are other fruits, 
which though they are syncarpous, be- 
come so like achenes when ripe that they often go by this 
nama If they are called "syncarpous achenes" or "pseudo- 
achenes " there is no harm in this ; but unless they have some 
prefix, the plan is apt to be confusing. The dandelion is a 
good example of a pseudo-achene. Pick one covered with its 
fluffy fruit. It would occupy a whole paper to discuss fully 
all the wonderful contrivances of this flower, and we must put 
off a thorough examination of it till later on ; so I will only say 
that the dandelion, instead of being a single fiower^ i& ^ ^koiL^ 
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pap 




Fig. 78. 
Dandelion fhiit 
{magnified). 



mass of tiny ones, all growing on a common receptacle, and every 
little bundle of hairs which you blow away from your dandelion 
carries with it the fruit of a perfect flower (fig. 73). The good 
of these hairs to the flower is evident. Each dandelion plant 

has a great many flower heads (as these 
collections of little flowers are called), and 
as each head has some hundreds of separate 
flowers, it is clear that these would choke 
each other, and no ground could support 
them if their seeds all fell close together ; 
accordingly each fruit is provided with its 
own balloon of fluffy hairs, called a pappus 
(pap), and upborne by these it rides upon 
the wind, over hedge and field, and forms 
new dandelion colonies far from the parent 
plant. 

If you cut open one of these fruits near the base, you will 
find one seed only, occupying the whole of the pistil, and making 
it seem exactly like an achene. Nevertheless, when this pistil 
was young it was composed of two carpels, and divided at the 
top into two distinct stigmas (fig. 74, st). We 
know therefore that the same thing has hap- 
pened which we saw in the hazel, and that one 
seed has flourished at the expense of three 
others. This somewhat incomplete explanation 
will, I hope, prevent your being puzzled if you 
see the fruits of dandelions, daisies, and thistles, 
called achenes instead of by their more correct Fig. 74. 

name of nuts. These flowers aU belong to the without^^e ^^ 
Gompositce, or family of Composites. (mo^n-i/ied). 

To the fruits of Borages and Labiates (see p. 62), on the 

other hand, the term nid is always, and rather incorrectly 

applied; for though it is true, in so far as each quarter of 

the £uit 28 covered by its own peculiar bit of carpel, it is 
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not tnie, according b> the general interpretation of "inde- 
luBCflnt," bj whicli it ia meant that the whole fruit continnea 
covered bj its carpels, and iklls to the groond at once. 

Dry and Dehieceni Synearpotu PruiU. — We have now come 
to the second dirision of onr fruite. In apocarpous pistils you will 
remember there were only two modes of dehiscence ; either by 
the Beam,as-inthe/oQi«&/ or by the mid-rib and seam, as in the 
legwae. As there are many more families with syncarpous than 
with apocarpous pistils, and as each of these pistils is composed 
of more carpels, and as a role, contains more seeds, you would 
expect to find their ways of letting out these seeds ^<^^^ 
more nomeious. As a fact, their modes of dehiscence gj|p 
are eo numerous, that I shall not attempt to give any 1^ 
of the long names that have been devised, but shall M I) 
call them all by their common name of capmle, Wr 
This is applied to all fruits with syncarpous and 1 
dehiscent pistils, no matter how they are formed, or ng. 75. 
how they split. Very many of these foUow the Split prin™. 
apocarpous plan, and split either by the original 

carpels coming apart from each other and opening, 
as the St John's "Wort, or the carpels both open by 
their seams and split down their mid-ribs, but only 
part way, as yon saw in the Lychnis and Primrose 
1 (fig. 75), or sometimes tiie mid-ribs only split, the 
carpels continuing nnited, as in the violet and 
heartsBBse. But besides these simple and compre- 
hensible ways, there are many others : sometimes 
the fruit opens by pretty little 
round windows, as the poppy 
(fig. 76) ; or it has two queer 
holes looking Hke eyes, as the 

'"p^^^ carpels come of^ spUtting from iavm. 

the Iwttom upwards, and nerei sepaxating Qj^u^a ^ 'Sori 'u:s^^ %& 
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the cmcifers (^g, 78) ; but as it is quite impossible to tell you 

all the ways in which syncarpous pistils split, and 
still more impossible to trace their curious devices 
for scattering their seeds, I will confine myself to 
two or three examples. 

Pig. 78. Herb Egbert. — This plant has deeply-cut 

Shepherd's-purge leaves, which become of a brilliant red in the 

pistil (en/argred). , rm 

autumn, and form its chief beauty. The nowers 
are at the top of the branches, while lower down are masses of 
firuit with their round ovaries enclosed in hairy persistent calices, 
beanng the long pointed styles, which have given the plant its 
common name of '^ cranesbilL'' 

In the flower (fig. 79) you should notice the five hairy sepals, 
with their prominent veining; the five pink petals growing alter- 
nately, their thin claws exactly fitting into the 
spaces between the sepals; then the ten stamens 
with their widened filaments, five shorter, and 
outside the other five; but here we come to 
a difl&culty, for the shorter stamens, which are 
evidently older as well as outer, grow opposite to 
the petals, and appear to upset the law of alter- 
nance, till on careful examination you find, 
growing between the petals, five very plainly- ^ ^^ 

marked nectar-cells, which seem to have taken Herb Robert flower, 
the place of a third row of oldest stamens. Granting this 
explanation to be correct, the geranium is a perfectly regular 
flower, for the carpels are also five, separating into five beautiful 
little pink stigmas at the top, each of which, as well as of the 
seed-chambers at the base, comes exactly between two of the 
long stamens. The whole flower grows on the receptacle, t.e. 
on the direct top of the stalk. 

If you now cut across the pistil near the base, you will find 
^ai the placent&tion is azile, and that each chamber is entirely 
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filled with one large seed, wliile th« other lies blown and shri- 
velled at its base. The calyx lemaina aAer the petals and atamens 
have dropped, and fits tightly Tonnd Hm fruit : but if jou watch 
a perfectly ripe pistil, yon will aee a curious change take place ; 
the sepala will giadoally open for the second time, and the 
carpels will split, not exactly by their seams, but in such a 
way as to leave these seams still on 
the axis (% 80, k) ; the styles {ety) 
then separate from the base, and 
spring away from it, each style carry- 
ing its split carpel (cor) containing the 
one laige seed in it These do not 
split quite to the top, but the jerk of 
their spring often causes the ovaiy, 
i& the part of the carpel which con- 
tains the seed, to separate from the 
style : this breakage would spoil the 
whole contrivance, were it not provided against by each ovary hav- 
ing two tiny silky threads {th) 
which ore fastened to the base 
of the stigmas, and which hold 
them in their right position, 
till a breath of wind comes 
to cany them to a distance. 

The same sort of mechan- 
ism is carried even further in 
a family nearly related to the 
geranium (fig, 81), in which 
"'P'' «¥" the carpels split at the base, 
and roll themselves up («^ 
cap) with suck a violent jerk 
that the seeds ore sometimes 
thrown five or six yards. 
I plant belongs to the balsam fanoly, wx^ 'Va& "Cui. «;^>{st5^ I 
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priate name of "noli me tangere" (do not touch me). I am 
afraid you will not be able to find a specimen, for gardeners 
generally cultivate the far less graceful double sorts, and I have 
never seen it growing wild except in Cumberland, where it is 
most luxuriant and beautiful Fig. 81 represents a httle sprig 
of it, with a seed-vessel not split (cap) ; one that has split, and 
scattered all its seeds except one, which is still clinging to it 
(spl cap) ; and three flower-stalks, from which seeds, capsule 
and all, have burst away, leaving only the thread-like axis (ax), 
I had some difl&culty in picking this specimen for drawing, for as 
I touched the plant, the ripe capsuled split, and jerked away, and 
this was almost the only one which did not entirely leave the 
plant, and as you can see, it is quite free, and only caught by the 
axis. 

Fig. 82 represents a flower and bud of this wild balsam ; and 
you may be surprised that it, with its long spurred sepal and 

curiously modified flower, should 
be spoken of as any kin to our per- 
fectly regular wild geranium. The 
steps by which this relationship are 
proved are very curious. Look at 
any common garden geranium ; you 
will find one of its sepals larger 
than the others, and within this 
large sepal is a hole about a quarter 
of an inch long, and large enough 
for a pin to be inserted without 
injury to the stalk. This is a 
transformed nectar-cell (you remember how plainly we saw 
these in the wild geranium), and is the beginning of the 
irregularity which may be seen exaggerated in the large garden 
geranium, the nasturtium, and the canaiy-creeper, till it cul- 
minates in the wonderfully queer-shaped balsam. 

22i£3 13 a very good example of how the same type of flower 




Pig. 82. 
Flower of wild balsam. 
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may exist thiougli many di£ferent shapes and appearances ; and 
this fact is quite as important in the classifying of flEunilies 
themselves, as in the assigning of plants to their proper families. 
You have now seen a good many families which have for their 
main characteristics their petals separate^ and all their parts 
growing from the receptacle, or top of the stalk ; viz. those of 
the buttercup, crucifer, violet (our example was a heartsease), 
pink, and geranium. 

GERANIUM. 



Parts OF 
Flower. 


No. 


Skpabatb OB 
Unitsd. 


Whsrb oomino 

OFF. 


Remarks. 


Sei»l8. 


5 


Separate. 


The receptacle. 


Very hairy. 


Petals. 


5 


Separate. 


• 
The receptacle. 


Having a thin white claw 
and pink blade. 


Stamens. 


10 


Separate. 


The receptacle. 


Five of these are shorter 
and outer, and older than 
the other five. These grow 
opposite to the petals. The 
filaments of all ten are 
widened. 


Carpels. 





United. 


The receptacle. 


The pink stigmas only are 
separate. Placentationaxile. 
The carpels spring up when 
ripe, leaving tneir sutures on 
the axis. 



Evidently these families have something in common with each 
other, which they have not with peas, labiates, or plants which 
flower in catkins, and it is therefore natural that they should all 
belong to the same botanical Division of ThalamiflordlSy i,e, plants 
flowering on the thalamus or receptacle. By degrees you will find 
that other feunilies also have common characteristics which separate 
them off into groups. — But we must now return to our capsules. 



Willow Hebb. — ^There is one more kind of capsule to which 
I wish to call your attention. It is commoiL to ^H^'^^^^ \^^s^^^ 
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and may be seen equally well in the small pink-flowered one 
(fig. 83), so abundant in the hedges, and in the great handsome 
one which grows by the river-side, and makes it gay all through 
the summer time. The pistil is very long and thin, 
and, unlike any we have examined, grows entirely 
below the rest of the flower. It is enclosed by the 
dilated flower-tube, in somewhat the same man- 
ner as the rose, except that this tube is united to 
the ovary all the way up. What this flower-tube 
is, is disputed. French and some English bota- 
nists consider it a hollow receptacle joined to the 
ovary; the older theory is that it is the lower part 
of the calyx, united up to the top of the pistil, soon 
after leaving which it opens out into its four sepals ; 
and that the rest of the flower grows on this calyx. 
Fig. 88. The former is, I think, the more correct theory; 
Mower of wiUow jj^t one thing is certain, and that is, that however 

herb. ° 

the different parts may be welded together, they 
must in reality spring from the top of the stalk. The petals grow 
on the flower-rim at the top of the ovary, just within and between 
the sepals ; they are four in num- 
ber, but so deeply cleft that you 
might easily mistake them for 
eight; they are very prettily rolled 
in the bud, like the tiles of a 
house, one over the other. Next 
to these, and growing from the 
same rim, are eight stamens, four 
long and four short. Pull these 
off; and the pistil only is left, 
which, with its long ovary, distinct 
style, and four broad sticky 
stigmas, is a perfect example of the division of this organ into 
three partsf. 




Fig. 84. 
Ripe capsule of willow herb. 
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K you cut a young ovaiy through the middle, you will find 
that it is composed of four carpels, has axile placentation, and 
veiy numerous seeds. Now look at an older seed-vessel : you 
will see the carpels splitting hy their mid-rihs, and showing 
numherless seeds, one under the other, and each provided with 
its own floating apparatus, and ready for voyaging ahout the 
world (fig. 84). There are thus two different sorts of plant- 
halloons; one, as the dandelion showed us, for carrying the 
house as well as the single inmate ; the other, when the inmates 
are many, to help each individual on its independent way. 



WILLOW HERB (EPILOBIUM). 



VAwn OF 
Flower. 


No. 


Separated 
OR United. 


Where oomino 

OFF. 


Rkmarka. 


SepalA. 


4 


United a short 

wayaftertbey 

leave the 

ovary. 


The rim at the 
top of the ovary. 


In this flower the jUnoer-tuht 
is joined to the ovary all the 
way, and the rim is at its top. 


Petals. 


4 


Separate. 


The rim at the 
top of the ovary. 


Rolled in the bud like . the 
tiles of a house. 




8 


Separate. 


The rim at the 
top of the ovary. 


Four long and four short. 


Carpels. 


4 


United. 


The receptacle. 


Clearly marked style, sepa- 
rating into four large stigmas. 
Placentation axile. 



(A flower with a rim at the top of the ovary, from which 
the sepals, petals, and stamens all seem to grow, is often said to 
have an inferior ovary, hecause the ovary is below the rest of the 
flower, and a superior calyx, because this is above the ovary.) 

Now we will leave the capsules, which, as you see, are to be 
found in all sorts of families ; and I hope the few examples I 
have given may be enough to show they are well worth studying 
carefiillj, as every apparently purposeleaa di£[ekT^TiCA\^^\»^^i^^'^^sfiL i 



92 



A YEAE'S BOTANY. 




Pig. 85. 

Section of 

gooseberry. 



manneis of dehiscence is sure to have its own reason — and plants 
are not like people, they cannot have mistaken reasons. 

Fleshy Syncarpotis Fruits, — The botanical name for a 
fleshy syncarpous fruit is berry, and it is applied to all fruits 
answering to this description, whatever their placentation or size 
may be ; thus the fruit of the fuchsia, which has azile placenta- 
tion, and even of the large melon and cucumber, are all as true 
berries as the gooseberry, which, as you see in fig. 85, has parietal 

placentation. We will glance at the fuchsia for 
the formation of this fruit, since it is a near 
relation of the willow herb (being in fact of the 
same family, Onagracece), and in spite of its hang- 
ing head and bright-coloured sepals, resembles it in 
all important respects. But its pistil, instead of 
being dry, and splitting, has become fleshy, and is 
a good example of our third division of syncarpous 
fruits. It is composed, as we saw in the willow-herb, of 
four carpels, with axile placentation, and several seeds growing 
in each celL As the fruit ripens, the carpels become swollen 
and sticky, the axis in the middle particularly enlarging in size ; 
the fruit comes below the flower, it is therefore not composed of 
carpels only, but of them and their agglomerated covering, which 
partake in the general swelling, and is called the flower-tube, 
according to our view of the structure 

of the flower. ^-^"^ "^ ^^ 

The walnut does not exactly cor- 
respond with any of our descriptions. 
It is composed of two carpels, and s 
when growing on the tree is encased 
in a quantity of green pulpy sub- 
stance which is their swollen exocarp 
(fig. 86, ex), and mesocarp (m), the 
shell of the walnut being the hardened endocarp (en), and 
^Iie fanny crinkled kernel which we eat is the one successful 




Fig. 86. 
Section of young walnut. 
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seed («). Thus yon see it teaembleB a stone frait or dnipe (p. 
75) in every reepec^ except tliat two carpels instead of only 
one go to its compositioii, and accordingly it is generally called 
a syncarjpous drtipe. 

CoLLEonvx FBUim — Now we have come to the end of onr 
apocaipons and syucarpons firuits; but before quitting the 
sabject, I must say a few vords about the small group of 
Collective FruiU, which differ 
ftam. those we have described 
in being the result not of one, 
but of several pistils. The 
malbeny (fig, 87J is an ex- 
ample of this. It looks BO 
like a very lai^e blackberry, 
that you would probably 
imt^ne it to be the fruit of 
one apocarpous pistil ; but ■ 
instead of this, each little black 
thing is the product of a 
whole flower (fig. 88), and is ^- «■ ^^^^'^■ 

composed of its two carpels, and four covering-leaves, which 
have all become juicy together ; the two withered stomas may 
generally be seen in the middle of each ripened 
pistil. The stamens grow in a separate flower. 
A more curions example of a collectivB fmit is 
that of the fig. We said at the beginning of 
this chapter that it was difficult to diBtinguiah 
the pistillate flowers of the hazel ; still it was 
at any rate possible — but has any one of my 
readers, at any time of the year, seen a fig-tree 
in blossom I Ton may watch the tree from the depth of winter 
when ite every branch is brown and bare, till the summer sun is 
gliatening on its luxuriant green leaves, but you will never find a 
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single flowei. NeTertheleBB, there are few trees which bear so 
many flowers, or ate in blossom for so long a time, bat they 
have foand a safe hiding-place, viz. the middle of the fruit. 
You remember the common receptacle of the dandelion, on 
which all the little flowers grew. The fig has 
also a common receptacle, which becomes sweet 
and SQCcnlent, and is the part we eat ; but it 
has undergone a curious metamorphosis. I con 
best describe it by comparing it to an umbrella. 
Imagine this to be open, with masses of little 
flowers growing all over it : these flowers are 
some of them staminate (fig 89), (i.e. having 
stamens and no pistil), and the rest pittillate 
(fig. 90), {i.e. having pistil and no stamens); 
the former grow at the edge of the umbrella, the 
latter all over it, up to its apex. How ima^e 
that a violent gust of wind comes, and turns your umbrella 
completely inside out in such a way that it is almost closed, and 
in all respects perfect, except that what was the 
wrong side is now the right, and the flowers are 
all inside. " But," you will say, " if the stamens 
and pistils are on different flowers, how is it pos- 
sible that the poUen of the one should reach the 
atigmaa of the other I Wind cannot blow inside 
a fig." This is quite true, but no umbrella quite 
doses, neither does our fig ; there is a hole left 
at the top, and through this hole multitudes of 
tiny flies and inseote cre«p, probably attracted by 
the sweet smell of the ripening fig, which pTomises 
them a rich reward inside. You remember the 
staminate flowers grew on the edge of the umbrella — this 
ia now the tcp, and therefore as the insects go in, they get 
covered with pollen, which they rub against the stigmas of 
the j)istillate flowers in their search for honey. Both the 
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mulberry and fig belong to the same family as our stinging 
nettle (Urticacece), 

The pine and fir cones are also collective fruits, but we are 
not ready to examine their structure at present, so I will bring 
our long dissertation on fruits to a close with a table, which will 
make it easy to remember them. 



Natubb of Fbuit. 


Ir Apocarpous, to bb 

OALLCD 


Ir Stmcarpous, to bb 

CALLED 


Dry and indehiscent. 


Achene. 


Nut. 


Dry and dehiscent. 


Follicle, L^^me. 


Capsule. 


Fleshy. 


Drape, Drapel, Pome. 


Berry. 



Collective fruits are those formed of several pistils. 



CHAPTEE VI. 

ON STAMENS AND MORI^HOLOGY OF BRANCHES. . 

SPECIMENS — rose; camellia; stamens of stock, ivy, snap- 
dragon, and heath; fiicJisia leaf; pollen from various 
plants. 

We have now spent some time in examining flowers and fruits 
carefully ; and we have found that, in spite of the different 
appearances of sepals, petals, and carpels, they, as well as the 
foliage leaves, are all the same organ, variously and wonderfully 
modified to enable them better to fulfil their special functions. 
We have also seen that all these modifications seem to have the 
same object, viz. the protection and perfection of the young seeds, 
the future plants. It is for their sake that the sepals are small 
enough to cover them closely, and curiously arranged that no 
drop of rain may find its way in ; that the petals have colours as 
manifold as the rainbow ; and that the carpels are so transformed 
as hardly to be recognisable as leaves at all. The foliage-leaves 
also, as we shall see by-and-by, have their broad flat surface in 
order to prepare a plentiful supply of nourishment for the plant, 
on the healthiness of which the well-being of the seed depends. 

Flowers, however, do not generally consist of sepals, petals, and 
carpels only ; they have also stamens, and about these stamens we 
know absolutely nothing, except that they too are somehow essen- 
tial to the seed ; for the experiment on the cucumber-frame (p. 10) 
proved that without them the cucumber seeds never became 
young plants at aU, but withered and died in their infancy ; and 
tMa same experiment taught us also that the useful part is 
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he fine powder or pollen^ contained in their anthers, which is 
aught by the sticky stigmas of the pistil, and which then gives 
the tiny green balls inside, their power of independent life 
nd ^owth. We now want to make out whether these stamens 
re an entirely new organ, or only another modification of an 
lid one, and also how they manage to send their pollen to the 
►nly place where it can be of use. You doubtless remember 
LOW insects are bribed into their service to act as carriers, and 
an guess that this part of the subject will be as curious and 
uteresting as the devices of the fruit for helping 
he ripe seeds to reach their destination. 

First, as to what organ a stamen really is. 
Stamens look even more unlike leaves than the 
iarpels, yet one has a suspicion that in the end 
,hey will turn out to be another modification of 
his most changeable organ. Pick a double rose 
Tom your garden and compare this with its sister 
;he wild brier-rose. You remember that that had 
ive petals and an indefinite number of stamens 
p. 72) ; but your garden rose has more petals than 

you can count, and if it is what gardeners call a 
"perfect" one, no stamens at alL What then 
has become of all the stamens, and whence have 
the numberless petals appeared? A common 
garden rose (as the old china) will answer this 
question ; for there you will see in the centre of 
the flower some stamens, though not nearly so 
many as in a wild rose, and the outermost of these 
are almost sure to be in the stage of turning into 
petals. Figs. 91 and 92 are both taken from a 
half-double rose, in which were ten or twelve 
stamens in the transition stage, still retaining 
their filaments, but with the anthers turned into more or less 
perfect leaves. Fig. 91 grew near the centre of the floweJC> 




Fig. 91. 
Petal from a rose. 




Fig. 92. 

ibiother petal 

from arose. 
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Pig. 93. 

Another petal 

from a rose. 



and is therefore entirely crinkly and misshapen, and has a long 
filament ; while fig. 92, which was farther from the centre, is 
almost a perfect petal on the right side, and its filament is 
much reduced in length. Very often it is tl\p fila- 
ment which has become petal-like, while the anther 
retains its former shape, as in fig. 93. 

This same sort of change may be seen going on 
in many flowers besides roses. Camellias generally 
look most absolutely regular, but if you can find 
one of these, which gardeners despise because it is 
imperfectly doubled, and pull it to pieces, you wiU 
probably meet with filaments which have become 
petal-like, and have shrivelled anthers at the top or 
sides ; and other ordinary filaments bearing little leaves instead 
of anthers, all in the same flower ; and you may 
also notice that the smallest petals do not look like 
one perfect leaf, but are divided as if they were 
made up of both filament and anther become leafy 
(fig. 94). 

The azalea is another flower which is very apt pet^'Som^the 
to produce anthers on its petals, and blades on its centre of a 

■^ ^ ' camellia. 

filaments. 

One sort of columbine has a very odd way of doubling. Two 
kinds are cultivated in gardens. One in its natural state has 
five sepals and five petals — ^both pink, and hardly differing from 
each other except in position ; there are numerous stamens, 
growing round a pistil composed of several separate carpels. 
When this flower is planted in rich soil, its filaments begin to 
turn into petals in the ordinary way, sometimes with, sometimes 
without, shrivelled anthers attached to them ; in the course of 
many generations the flower becomes more and more double, 
until the anthers gradually cease to occur on the petals, and 
nearly all the stamens, and often the carpels too, disappeeur. 

But it is the other commoner sort which I want you to notice. 




Pig. 94. 
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It has fire sepals, tli| nnto colour as the corolla, though easilr 
distingoishable from them by the differeiice of shape ; five petala, 
vhich hare turned into pretty little hoods with 
long curled nectaries at the bitae (fig. 96); an 
indefinite number of atamena, and ^,^ 

five sepaiate carpels. The colum- LfliiL ' 

bine belongs to the same family as m fga 

the buttercup ; its long nectary is viMF 

therefore very interesting as being jB^ 
an exaggerated form of the little ' " 

RuSl.i«» M<i.wUol.w.nold»d.ta.b«e ^ZZ^,. 
of our buttercup petals (fig. 96). 
To return to its method of doubling. Fig. 97 is a fancy 
picture ; its left side represents a single flower, the sepals of 
which have been pulled off, 
but which is otherwise per- 
fecL The right side ahowa 
what happens when it is 
planted in rich soil and 
begins to double — the 
anthera turn into hoods, the 
top ones only letainiug their 
filaments ; and the lower 
petals, which are smaller 
than in a single flower, get 
pushed off the receptacle, 
and are only kept in position by fitting closely to the petal above it 
You will notice that the double side of the flower has six petala 
and one stamen, while the single side has only one petal and four 
stamens : this fact of there being more petals than can be 
accounted for by the usual number of stamens, is very common 
in doable flowers, and results from the fact that the whole plant 
is in a state of unusual strength. The water-lily, even in its 
natuial state, is another example. It always baa ^getsla «.\vax.!;^;i^ 
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into stamens (£g: 98) ; but after developing one (1) or two (2]l. 
or even more rows of these transition leaves, it produces perfect 
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stamenB, with pollen in their anthers, and the seed-organ in the 
middle of the flower is strong and healthy. 

I might go on multiplying instances of this sort ad infinitum ; 
and the ease with which oui flowers double is a fact known and 
constantly used hy gardeneis, by whom a great hunch of leaves 
with no power of producing seed is thought more beautiful than 
a natural flower with all its wonderful machinery in perfect order. 
Tbia same power of change is well "fflnito&'wA. \>'^ V-aaking at 
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liie animal world. Thus our hands and feet certainly look as 
" little ali^e as stamens and petals ; but under peculiar circum- 
stances they become much less different, though they cannot be 
said absolutely to turn into each other as these do. For instance, 
if a man is unable to use his feet in walking for a long time, his 
heel becomes more like the under part of his wrist, and loses a 
great deal of the soft padding given him for the purpose of 
standing on, so that walking is for a time most painful. Again, 
if a man loses or is unable to use his' hands, his toes become by 
practice so finger-like that he is able to do many things with 
them, which to us would seem quite impossible. The best 
known instance of this is the man at Antwerp, who may 
constantly be seen in the picture-gallery there, industriously 
painting with his feet. I had never heard of him, and the first 
time I saw him I was for a moment unable to believe my eyes. 
He had no hands, but there he sat painting away as busily as 
any one. He held his palette on the great toe of his left foot, 
and with the toes of the other foot, he rubbed his colours, held 
his brush, and painted. Afber a time he wanted to go into the 
luncheon-room, so he stretched out his feet for his shoes (he was 
painting in foot-mittens), puUed each on with the toes of the 
other foot, and walked away. I have heard that he sometimes 
puts on his hat with his feet, but when I have seen him he has 
kept it on while painting. 

This is an argument for the similarity of hands and feet very * 
like the one of stamens turning into leaves. But we are not 
satisfied with this in the study of animals, so we turn to anatomy, 
and find firom it that the similarity is not a matter for speculation, 
but is a certain fact, for the bones which form the hands and 
arms are the same in number and nature of fastening as those 
that form the feet and legs. Anatomy teaches us besides more 
wonderful things than these ; it shows how things so dissimilar 
as the wing of a bird or a bat are also iiiodi&<(^^oii^ c»i ^^ ^^isssss^ 
organ as our bands and feet. Pig. 99 Bh.ON?a «t\i^^2 ^ ^«m%-As^xi& 
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compare it with a man's arm ; el coiresponds to the eIbow-j<un^ 
fa to the long forearm, 
that IB, the part be- 
tween the elbow and 
wrist ; a, h, c, d, \o 
the fom fisgere, in 
which the joints have 
disappeared, as the 

Fig. M. B.f> wtog. ^J^'^ .. .. 

snffer they are, the 

better for the porpoaee of the hat; but where is the thumb 1 

Ton see it at e, very short, and with a little hook at the end, 

by which the bat hangs when it sleeps. 

4]V Over all these hones a thin membrane 

mW is tightly stretched, very light, and 

TT admirably adapted for flight 

We will now letom to onr stamens, 
^ "^ and see whether we can find in their 

. atnictnre proofb, similar to those fur- 
nished by anatomy, of their similarity 
to leaves. Pick the stamens of a butter- 
cup (fig. 100), a heartsease (fig. 101), and a snapdragon (fig. 102). 
There are considerable small differences 
between these, but some characteristicB 
are common to them alL They all have 
a long stalk, and a wider thicker part 
at the top. Kow pick a fuchsia leaf 
(fig. 103), and compare it with your i 
stamens. The stalk ia there, though 
shorter, and so is the wider part at the 
' top, though in the leaf it is not thicker. 
Can you now trace the modification) 
Jh the etamena the leaf-stalk (or filament) is 
Jonger; tbia ig,aavrQ know, a maM«i ot ver^ amsfi 
importance^ ibr it merely means that the fi.\iTea^VifiV 
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are necessary to form the framework of the leaf-^Za^^ (as the flat 
open part is called) have remained in bundles a little longer ; and 
besides, flg. 101, which represents a very leaf-like stamen from the 
heartsease, shows that a stamen may have a short stalk, for in it, 
what looks like a filament is only a curious spur-like appendage 
(see p. 57). The anther is far more altered from the ordinary type 
of leaf-blade. You remember we found these to be constructed 
on a framework of fibre, and to consist of an 
upper skin, an under skin, and some pulpy sub- 
tance between ; now cut your anther, it has a 
prominent mid-rib (called the connective)^ and is 
covered by an upper and under skin; but here 
the resemblance ceases, for the pulpy substance is 
of an entirely different nature, being made up of 
a quantity of fine dust, ox pollen. Fig. 104 repre- 
sents a leaf at the top, which at the bottom has 
turned into an anther. It is an entirely fancy pjg 104 
sketch, for no leaf has ever been obliging enough Half stamen, half 

foliage leaf. 

to perform this metamorphosis before our eyes. 

Now that we have reduced our flowers to leaves, all growing 
on a stem, let us see whether we can go a step farther, and trace 
any resemblance between the growth of a flower and that of an 
ordinary leaf-bearing stem, which we call a branch. If you look 
at a good long branch of any plant in the spring-time, you will 
see buds growing in the axils of many of the leaves, and unless 
you happen to be acquainted with the manner of inflorescence of 
the particular plant you are looking at, you will be unable to tell 
whether these buds will ultimately become secondary branches 
or flowers, because hath of these equally grow in the axils of 
leaves. If one of these buds turns out to be a branch, it will 
have first a bit of stem, then either one, two, or more leaves 
growing at a node or knot ; then there wiYL \>^ wiofOc^et \s^ ^1 
stem, or iniemode; then another node, m\»\i VX.^ oTi^b crt \s^<3t^ 
Jeares; and so on. If, on the other liaiid, it t\3ccika ovx^. \»^>i^ ^ 
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flower, it will begin in juBt tbe Bsme way witli its bit of Btom, 
then will come the recnptaele, whicb we may fairly compare wiUi 
the first node on the branch, and round this will grow two oi 
more leaves, as the case may be ; but here the analogy ceases ; 
for instead of another intemode, we find another set of leaves, 
and others again after these, all growing as closely together as 
possible. Do yoa remember the sepak of the tose, and the 




wonderful way in which their growth round the stem corresponded 
mih ffie^notrii of the foliage leaves up the stem }(p. 71). The 
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only difference was, that the foliage leaves had, and the sepaJs 
had not, internodes ; and seeing how nnequal the intemodea 
often are in length when they are present, this did not seem a 
very important difference. We now have to see whether there is 
any evidence that in the flower this suppression of internodes is 
carried still iarther, and that it ia only uiother form of the eame 
type as the hranch. 

Fig. 105 represents a flower which seems to have existed on 
purpose to answer this question. It is a tulip, which grew in a 
Wend's garden some yeore ago, was dried, and has been waiting 
to be drawn ever since. It ought to have aix covering-leaves, 
three growing just within and alter- 
nately with the other three, aix 
stamens, and three carpels. Our 
flower has, as you see, seven cover- 
ing-leaves, three stamens, and three 
carpels ; bat it has ceaaed to be a 
proper flower at all, and has turned 
into a regular flowering branch, 
with internodes of different lengths 
between nearly all its leaves up to 
the carpels. ^«- iw- 

■^ . . Section of BStsmlnste campion flower. 

Fig. lOo IS a section of a stami- 
nate campion, in which there is always a alight intemode (in) 
between the calyx and corolla leaves. 

Plants sometimes show another sort of proof; for instance, 
I have before me a rose-bianch (fig. 107) that seems trying to 
turn into a flower, for the internodes have disappeared between 
four leaves, and they are growing all close together like a set of 
sepals. Some hita too of the leaves have turned red {r r), and 
the green sepals (g) are growing within a large red petal (p), so 
that altogether a most curious confusion between foliage leaves, 
petals, and sepals, is apparent. 

But granting] aa I think you will no^w \)fe xes&j \» \'i,'&5sS. 
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tbe absence of iutemodee in a flower is no insnpeiable objection 
to considering it as a modified branch, tbere are still other diflS- 
cultiea to be disposed of: When we examined the anangement 




Fig. lOT. Houtnnu growUi of roaB-bnncb. 

of the leaves on the roae-branch, we found that they grew in sets 
of five, and that the sixth leaf, i.e. the first of the new set, grew 
exactly above the first of the former series (p. 70) ; but ia the 
flower of the rose we do not find that the petals (which corre- 
spond to the second series of leaves) grow ahove the sepals, but 
alternate with them. Various theories have been started to 
account for this, but the true explanation seema to be the 
superiority of the dtemate arrangement for the well-being of the 
flower. The only way to expkin any modification is that it 
enables the organ in question to do its work better ; if, then, close 
packing is, as we have many times seen to be the case, one of the 
elements of the usefulness of the different parts of the flower, 
and if the alternate arrangement is better for this close packing, 
which, as you most remember, is not wanted in the foliage 
Jearea, Hen the alteration in position is accounted for. 
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We have now traced a lOBemblance between a flower and the 
Bunpleet sort of branch, viz. one that bears only leaves and is 
therefoTB called a terminal branch, because it terminates the 
plant in its own particnlar direction. But most biancbee are 
not terminal, as they have growing at some of their nodes, hnds 
of either flowers or tw%s ; and to these more complicated branches, 
flowers as a rule bear less resemblance, 
though evei7 now and then a flower 
gives additional proof of being a veri- 
table branch by indulging in some 
strange freak, and either throwing out 
side-branches, or going on producing 
s stem and leaves through the flower. 

'Fig. 108 represents a strawberry, 
in which the stem has been continued 
through the fruit so as to end in a 
branch of leaves. This strawberry 
was originally figured in an American 
magazine, and is described by Dr. Fig, ]oe. 

ii- 11 ir . ■ f (iri, , 1 ,1 Momtroiu growth of Wnwbany. 

Maxwell Masters m his Teratology, 

which is a wonderful collection of v^etable monsters. 

Our whole flower, then, turns out to be only a branch under 
another form, and every oi^an on it a modified lea£ It ia just a 
hundred years since a few great botanists dimly grasped this 
idea. It was hinted at by linnffius, and more plainly seen by 
Caspar Wolff, but it was first clearly expounded by Goethe some 
years afterwards ; and one hardly realises what a discovery it was, 
and how it changes Botany from a mass of curious facts into a 
great science with the same eternal law running through all, till 
one sees it from the point of view of the pbilosopher-poet. I do 
not mean that Goethe was right in all his conclusions and 
deductions. Many of these are &nciful — others, as we now 
know, iMaflj mistaken ; but be thoroughly grasped the central 
idea of botanical morphology, i.e. he 'aa&ia^vxA. Wm "^ub vkeaki 
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thing performs different functions under changed forms ; and he 
saw the wonder of this, and the beauty of it, in a way that other 
people who are not poets, but only botanists, cannot do. 

Now we will return to our stamens, and examine some of the 
differences between them and ordinary leaves. The business of 
foliage leaves is to present as large a surface as possible to the 
sun and rain ; and for this purpose, their length and thickness 
of stalk, the way in which they are fastened to it, and even their 
shape, are all adapted. But the business of stamens is very 
different : they have to keep their pollen dry till it is ripe, and 
then to get it to the sticky top of the pistil that is in need of 
it ; and for this, their shape, position in the flower, aud whole 
structure, is adapted. Evidently the first thing necessary is some 
mode of egress for the poUen, which can be of no use while it 
remains shut up in the stamen. Accordingly all anthers have 
their own way of splitting. The commonest way is to burst by 
two long slits running the whole way down the anther — either 
exactly at the edge, or near it, but slightly turned towards the 

centre of the flower, as you have 
seen in the wall-flower, rose, sedum, 
hazel, etc. Sometimes, again, these 
slits are turned not towards, but 
away from, the centre of the flower, 
as the buttercup has taught us. 
Besides these obvious modes of 
Pig. 109. dehiscence, there are others much p. ^^ 

stamen of barberry xuore CUriouS : SOme anthers open stamen of heaih 
(magnified). , , ., , , (magnified). 

by valves, as the common barberry ^ -^ ■/ /• 
(fig. 109), or by two funny little holes at the top, as most heaths 
(fig. 110). In all cases the same thing is let out, a curious yellow 
dust, which is too small to be seen clearly with the naked eye, 
but which makes a very pretty object when put under the micro- 
scope. You will then see that it consists of a number of very 
minute grains of different size and shape, according to the sort of 
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plant it is taken firom, but all plants of the same sort have exactly 
similar pollen. Fig. Ill is a highly magnified pollen-grain from 
the musk plant ; 112 is taken from a melon stamen ; 113 from 
a cherry, and 114 firom an evening-prim- 

111. 112. 113 

rose stamen. But these grains do not 
continue all their lives in their rounded 
shape. Some time ago I wanted to look 
at some campion pollen in the micro- 
scope ; accordingly I shook some out of 
a ripe stamen, and to keep it in place on 
the mounting-glass I fastened it with a 
drop of weak gum. On taking it out Diflferent sorts of poUen 
a few days afterwards, I found that it 

had sucked in the gum, and with a rapid sort of growth peculiar 
to itseK, had sent out long shoots all over the glass, so that the 
original grains were all much reduced in size, and some had 
almost disappeared. This is a good exemplification of the growth 
of pollen-grains when they reach a stigma. They suck in the 
curious glutinous matter with which it is bedewed (and which 
we have hitherto supposed to be useful only for catching the 
pollen), grow with wonderful rapidity, and send their shoots 
right down the style to the tiny seeds in the ovary — sometimes, 
as in the crocus, a distance of several inches. These little grains, 
in their turn, suck in the contents of the pollen shoots, and thence 
gain their power of ripening, and eventually becoming young 
plants. What this power is that is thus given is a mystery 
about which we know even less than we know why these very 
seeds, when they have ripened, lie dormant all the winter, and 
wake with the bird's songs in the spring time ; or how they drink 
in the dew of heaven as it trickles through the soil, and turn it 
into stem and leaves and flowers ; or lohy the chemical contents 
of a certain soil should be life and health to the seeds of one 
plant, and should shrivel the tissues, and kiU by slow poison 
the seeds of another. 
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There is another thing you should notice in stamens, viz. the 
way in which the anther is attached to the filament. 

The commonest mode of attachment is the one we have seen 
in the wall-flower (fig. 6, p. 7), where the connective runs the 
whole way to the top of the stamen, and there is a clearly defined 
back and front 

Sometimes, again, the anther is joined to the connective 
through its whole length, but there is no distinction between 
back and front. This is an uncommon mode of growth in Eng- 
lish flowers. 

The third, and perhaps the prettiest of the ordinary sorts of 
attachment, is when the anther is attached to the filament by the 
middle of its back, and so slightly that it seems rather to be 
balanced than to grow there. This is to be seen in all grasses 
(see ^g, 194), in the evening primrose, and in many other 
flowers. 

AU these modes of growth are doubtless important in helping 
the pollen to reach its right destination. We shall consider 
some of the wonderful devices which have this object, in our 
ncKt chapter. 



CHAPTEE VII. 

ON FERTILIZATION. 

IN our last chapter we found that both ordinary branches and 
flowers spring from the same type, of which they are only 
different modifications. We saw that^ as all borne by the one 
are foliage-leaves, so all borne by the other are also leaves, how- 
ever much they may differ in appearance, not only from foliage- 
leaves, but even from each other. 

We further found the reason of all these differences to lie 
in the various purposes they are meant to fulfil. The offices of 
all flower-leaves are different from those of all foliage leaves ; 
but the offices of all fiower-leaves are not similar; they are 
therefore divided into sets ; to each set a special duty is given 
to perform, and the leaves are modified in size, and shape, and 
manner of growth, according to what that duty is. 

None of the flower-leaves, not even the carpels, have under- 
gone such curious modifications as the stamens, or stavh-hldtter 
(dust-leaves) as the Germans happily call them. We may 
suppose therefore that their uses must be proportionably curious. 

These uses are twofold ; they have first to produce pollen, 
and afterwards they have, with the help of the other parts of the 
plant, to help this pollen to reach its proper destination. If we 
considered their first vocation alone, which is all that botanists 
ever did till recently, we should wonder why dust-leaves should 
have strayed so very far from the normal type of leaf ; for would 
not any ordinary lea^ with an ordinary short stalk, answer all the 
necessary purposes, provided its blade was very tbick^\i^^ ^ j 
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power of splitting when ripe, and contained pollen instead of the 
usual pulpy substance ? And we should wonder yet more why 
stamens are not all formed on the same pattern, instead of having 
such divers shapes, and sizes, and ways of splitting. 

But if we remember their second vocation, and consider them 
with a view to the ultimate destination of the pollen, we see at 
once that any amount of variety, and any number of curious 
devices, may be expected. 

Pick any flower you like ; if you examine it carefully, you 
will see how its shape, the way each flower is fastened to the 
stem, the part of the pistil which becomes sticky, and many other 
details, all affect the ease or difficulty with which pollen can 
reach the stigma. 

Sometimes it is not the flower only, but the whole plant, 
which has to be modified in order that the poUen may reach its 
destination ; as is shown by the following instance. 

The Vallisneria spiralis is a water-weed, a native of quiet 
pools and ponds in South Europe, which may sometimes be seen 
in England, growing in fresh-water aquariums. It has long 
thin leaves, many of which reach from the root to the top of the 
water. Its flowers are dioecious (in two houses), i,e. the stamens 
and pistils not only grow on different flowers, as in the hazel, 
vegetable marrow, etc., but on different plants, as in the wiUows, 
etc. The pistillate flowers are purple ; they are provided with 
long thin stalks which spring from the root-stock, and are 
curiously curled like a corkscrew. The staminate flowers grow 
in bunches, something like catkins, on short straight stalks, also 
springing from the root-stock, and each bunch is enveloped by 
a large white bract, which prevents it from being hurt by the 
water. 

Now comes the difficulty. We have two flowers, both at 

the bottom of a pond — the one contains pollen, the other the 

pistil needing the pollen. How is one to get to the other ? We 

saw in the case of the cucumber, where the pistils and stamens 
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were only on different./Zatrer«, that no seeds were set nnless winds 
or insects did the business of poUen-carriers. But winds cannot 
blow, nor honey-eating insects live, under the water. Perhaps 
you will think that fishes are pressed into the service, and in 
some way persuaded to carry the pollen on their noses. This 
would however be useless, as the pollen would instantly be washed 
off any stigmatic surface, and besides, it is spoilt by being wetted. 
I must tell you the solution of the puzzle, for I am sure you 
will never guess it. As soon as the pistillate flower is ready to 
blossom, its curious corkscrew stem suddenly elongates, uncurling 
just enough to take it to the top of the water, where it opens, and 
lies, lazily floating about. When the stamens on the other plant 
are ripe for bursting, the short stalk on which they grow snaps off, 
and they, still wrapped round by their bract, being lighter than 
water, slowly rise, till they too have come to the top, when they 
emerge jfrom their covering. When once there, all difficulty is 
over ; they either themselves come in contact with the pistillate 
flowers in the course of their floatings, or their pollen is carried 
by the insects which are now able to visit them. When the seed 
is set, and the flower begins to wither, its stalk screws itself up 
again, and carries the seed down to the place where it is eventu- 
ally to be sown. This story would be difficult to believe, were not 
every seedling Vallisneria spiralis that ever grew a proof of it. 

" But,'' it may be objected, " by far the majority of plants have 
their stamens and pistil in the same flower. Of course there 
must be curious devices in a few dioecious plants ; but generally 
speaking the matter is simple enough, and the pollen is sure to 
reach the stigma without auy special modification of either the 
stamen itself, or the rest of the fiower.'' 

This was the opinion held by most botanists twenty or thirty 
years ago ; but recent discoveries seem to show that the number 
of flowers in which the pollen simply falls upon its own stigma 
is very much smaller than was formerly supposed. The chain 
of reasoning which leads to this opinion ia i&t\i^T (^.o^a^^^^^^ 

I 
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but well "worth studying carefully, as it is entirely based on care- 
ful and intelligent examination of various flowers. 

In the first place, there are many flowers, as almost the whole 
family of orchids, which, though they are perfect {i,e, have both 
pistil and stamens in the same flower), are nevertheless so con- 
structed that it is impossible for the poUen of the one to reach the 
stigma of the other without the intervention of insects. This fact 
is so well known, that I have heard of orchid fanciers, who, when 
they receive a rare foreign orchid from abroad, know that it is vain 
to expect any seed from it, unless they have some of the special 
sort or sorts of insects which visit it in its own country sent with 
it. They have found by experience that not only are insects requi- 
site, but a special kind of insect; for however many English bees 
and moths they turn into their orchid-houses, the flowers wither 
and fjEdl, and no seed is set; whereas if they shut up only one or 
two of the proper insects with the flowers, they have plenty of good 
seed. When you examine orchises carefully,* you will see the ex- 
treme complexity of their structure makes this necessity for a special 
shaped insect to act as pollen-carrier, quite comprehensible. 

This then — that in some flowers the intervention of insects 
for the perfection of pollen seed is necessary — has been known 
for some time, but a new and far more important fact in the 
history of these wonderful flowers has of late years been brought 
to light. Mr. Darwin — who, however much many people may 
dissent from his theories, is acknowledged by every one to be one 
of the most accurate observers that ever lived — has made a whole 
series of experiments upon orchids,t by which he shows that the 
pollen of one flower must in almost every case be carried by the 
insect, and deposited on the stigma of a different flower. I have 
not space to describe his experiments here, but it will give some 
idea of their thoroughness to mention, that he examined and wrote 
down the details of 207 flowers of one single sort, and that no 
less than twenty-four sorts are included in his investigations. 

* See Chapter XY. + Daxwin on " Fertilization of Orchids. " 
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Thus, though these flowers seem to be complete in themselves, 
they are, in almost all cases, in precisely the same case as the cu- 
camber or the willow. Which of these plants they most resemble 
depends npon whether the insect bearing the pollen happens to 
visit flowers upon the same, or a different plant We may sum 
this up shortly by saying, some perfect flowers are in the same 
condition as if their stamens and pistils grew in different flowers. 

Now we come to another case, for the discovery of which we 
are also indebted to Mr. Darwin's indefatigable researches. Do 
you remember, in the flrst chapter (page 22), noticing the curious 
&ct that some plants of primroses had flowers with long styles 
and short stamens, while the flowers of other plants had loug 




Fig. 115. Sections of pistillate (A) and staminate (B) prlmolas. 

stamens and short styles ? This is true not only of primroses, 
but also of all cowslips, polyanthuses, auriculas, etc., and of the 
Chinese primulas (Primula sinensis), from which fig. 115 is drawn. 
Pick a good many of these flowers, and look at them carefully. 
In this particular sort of primula the long-styled form is so 
much the more common, that you may have some difficulty in 
finding any examples of its short-styled brethren ; but this is 
only because gardeners generally gathei Bctefli ito\a.\cyck%-^^'^'^ 
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pninulas, and there is no reason to suppose that either form 
preponderates when the flower grows wild in its native China. 
Now comes the question, How does the pollen reach the stigma 
in the two forms ? In the long-styled form the help of insects 
seems necessary, for as all primulas hold their heads remarkably 
erect, it is difficult to see how the pollen from the stamens (A, 
8t) should get up to the stigma (stig). In the short-styled form 
(£), the stamens being above the stigma, it seems at first sight as 
if the pollen would naturally fall on it ; but if you examine a 
real primula, you will see that the throat is so narrow just below 
the insertion of the stamens, and so completely blocked up by 
the five anthers, that it is almost impossible for any pollen to 
drop through unless either the anthers are touched, or the whole 
flower is roughly shaken. Mr. Darwin put these conjectures to 
the proof.* He covered a number of plants of both forms with 
fine gauze, so that no insects could get to them, and watched the 
result. He found in the Chinese primrose that in the short- 
styled form very few flowers had any seed ; in the long-styled 
form considerably more ; but in both forms the proportion of 
seed was very small compared with that of the uncovered flowers, 
to which insects had free access. It seems curious that the long- 
styled form should have had more seed than the other, as there 
seems more possibility of the pollen falling down on the short 
style, than of its reaching up to the long one ; but the reason is 
that the corollas always fall off these primulas as they begin to 
fade ; in the long-styled form the anthers are dragged over the 
stigma, which thus becomes bedaubed with pollen (A), while in 
the short-styled form this falling of the corolla has no effect (B). 
This is a good illustration of the remark at the beginning of the 
paper, that the setting of the seeds is affected by the whole 
habit of the flower. Who would have thought that the pollen 
reaching its stigma could depend on the time and manner of the 
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'Darwin on the Dimorphic Condition of the Species of Primula,** 
read before the Linnsean Society, ISoyembet ^\, \%^\. 
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withering of the corolla ? But Mr. Darwin's discoveries did not 
end here. He took npon himself the office of the insects, and 
became pollen-bearer to his gauze-covered primulas ; and the 
result of his experiments surprised him considerably. He found 
that when he took pollen from a long-stamened flower (B), and 
put it upon the stigma of a long-styled flower (A), he got a great 
deal more seed than when he took pollen either from the same 
flower, or from another flower of the same form. In the same 
way, a short-styled flower produced more seed when pollen from 
a short-stamened flower was put on it, than when it was given 
either its own pollen or that of another short-styled and long- 
stamened one. He therefore clearly proved that it is best for 
primulas, whether they have long or short styles, to have their 
poUen brought from flowers growing on different plants ; and 
the quantity of seeds produced by many sorts of primulas leads 
one to think that the pollen is, generally speaking, so brought. 
The fact of the long stamens in the one form, and the stigmas in 
the other form, coming to so nearly the same height in their 
respective flowers, is favourable to this result. Look at figure 
115 : if a bee has visited B, he must, while sucking the honey 
at the bottom of the tube, have got his head and the top of his 
proboscis covered with pollen ; now suppose him to fly to A, he 
will naturally place himself in the same position with regard to 
the second as to the first flower, and the same part of him which 
before toucbed the anthers will therefore now touch the stigma. 
The use of the similarity of position of the short styles and 
stamens is not so evident. 

This case is, as you see, very different from that of the orchids. 
It is not impossible, nor even very difficult, with the help of 
insects, that the pollen of one flower should reach its own stigma, 
but it is hetter for the flower that pollen from another plant 
should be brought to it. We may sum this up by saying, it is 
beneficial to some perfect flowers that they €»\iOu\<\ \i^ ^^^yon^a, 
and their stracture tends to make them so. 
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This idea of benefit to the plant in dioeciousness introduces 
a totally new element into the discussion, and makes it both 
more interesting and more complicated, as you will presently see. 

The vast majority of plants are neither actually dioecious like 
the Vallisneria, nor necessarily so, like the orchids, nor with two 
forms, pointing to a sort of semi- dioeciousness, like the Primulas. 
They have their stamens and pistil in the same flower, and the 
obvious supposition is that the pollen of the one either falls, or 
is brushed by insects, on to the stigmatic surface of the other. 
" But,'* it was urged by botanists, " primroses are not different 
in their whole nature from the rest of the vegetable world ; if it 
be for their benefit that the pollen of one flower should set the 
seeds of another flower, the same fact must hold good of other 
plants." This led to the careful examination of many perfect 
flowers, which were formerly supposed to have no element of 
dioeciousness in them, and to the discovery of various wonderful 
devices ; for the new theory gives a harder task to the perfect 
flowers, than even to those which like the Vallisneria have their 
stamens on one plant and the pistils on the other ; in the latter 
case, they have to provide for the pollen reaching its proper 
destination ; in the former, they have also to prevent its reach- 
ing its own stigma, which may be called its *?nproper destination. 

I will begin by telling you of a simple observation made 
by Mr. Eatchener and myself. I choose this, instead of the 
very many more intricate ones which have of late been made 
known to the world, partly because of its simplicity, but more 
to show you what easy and interesting work hunting for the 
devices of flowers is. We were staying among the English 
Lakes, and spent three weeks in a cottage on Eydal, which 
was perfectly surrounded with the common yellow musk. 
Bees and moths were constantly buzzing about among the sweet* 
scented flowers, which made us think they were probably doing 
some good to the plants as well as to themselves^ for it proved 
that they found plenty of honey, and the inhabitants of the 
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Pig. 116. 
Musk flower. 

Each of them 



vegetable world are not more unselfish than those of the animal ; 
they do not provide a plentiful supply of honey unless they are 
pretty sure to get their quid pro quo. Accordingly we picked a 
good many flowers in all stages of their development, from quite 
young buds to old and withered specimens, and 
spent a whole morning in examining them. The 
musk is a member of the Scrophularia family (see 
p. 50). It has a united flve-lobed calyx, a united 
five-lobed corolla (fig. 116), with a number of 
hairs where the tube opens out, four stamens, two 
longer than the other two, and a two-carpelled 
pistil^ united in the ovary and style, but separat- 
ing into two stigmas. The first thing that 
strikes one is the size of these two stigmas {stig), 
is larger than a stamen, and they are like regular white leaf- 
blades. Sometimes they are closed one against the other, as in 

fig. 117 ; sometimes they are completely open, 
and the lower one flattened back upon the style, 
as in fig. 118. Now comes the question, Can the 
pollen from the stamens fall upon these large, 
widely-opened stigmas 1 Fig. 116 shows the 
relative positions of the stigma and stamens, from 
which you see that it certainly cannot; for not 
pj^ jjy only is the stigma well above the stamens, but as 
ciofled stigmas of it is tightly pressed against the back of the tube 

musk. 

of the corolla, it is also behind them. We may 
therefore conclude that we were right in conjecturing that the 
insects were earning their honey by doing good service to the 
providers of it ; but whether this service is to rub the pollen 
on to its own stigma, or on to the stigma of another flower, 
still remains undecided. Let us follow the course of a bee. 
Fig. 118 is taken from a lately opened flower, in which the 
stigma is wide open, and the older shorter set of stamens are just 
begiiming to split, while the longer yonngec '^m ^or^ t^^ ^*^^ 
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of doing so. Fig. 117 is taken from a flower that is begin- 
ning to fade : the stigma is almost closed ; both 
sets of stamens have burst some time ago, and 
the older pair are quite shrivelled up. I cannot 
vouch for the accuracy of the details of these 
drawings, such as the exact relative length of the 
stamens, the manner of insertion of the anthers 
' j^g on the filaments, etc., as they are taken from rough 
Open stigmas of sketches made while we were examining the 

music 

flowers ; but in all matters concerning our present 
subject, they are certainly correct. Now suppose the bee goes 
into the withering flower first (fig. 117), he will get in without 
touching the stigma, for that is closed ; but he will rub a good 
deal of the pollen from the long stamens on his head, or trunk, 
while he is sucking the honey; and with this he will fly 
away. If he now goes to a younger flower, as fig. 118, he 
cannot help, on entering, depositing some of the pollen on its 
wide flat stigma, which must touch the top of his head as he 
bends down to suck the honey, or the upper part of his trunk as 
he unfurls it ; and thus his work will have been done, and he 
will have cross-fertilized the flower — i,e, he will have brought to 
its stigma, pollen from another flower. But suppose, on the 
contrary, the bee had visited fig. 118 first, would he not then 
equally have put the pollen from its own stamens on the open 
stigma in going out ? This question puzzled us for some time, 
and its solution is very curious. Suppose our bee has no pollen 
about him at all ; there is only one way in which he can con- 
veniently enter the flower, viz. on the wide lower lip (see figure 
116), which seems provided purposely as a landing-place for him ; 
in the act of unfurling his proboscis, he must touch the open 
stigma with his head or trunk ; no sooner has he done so, than 
it shows a curious sort of sensitiveness, like the far-famed sensi- 
tive plant, and begins to shut up. Meanwhile, the bee pushes 
Ills trunk down the tube ; if the flower is only just open, the 
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stamens may not have burst, and in the musk the stigma be- 
comes sticky rather before the stamens send out their pollen ; 
but if, as is more likely, one pair are bursting, as in fig. 118, 
he is sure to get very thoroughly dusted in his descent, especi- 
ally as each pair of anthers is slightly held together by the 
interlacing of little hairs, which serve to hold them exactly in 
his path. While he has been sucking his honey, the stigmas 
have been gradually closing, or rather the lower one has, for as far 
as we could make out, the upper one continues almost stationary. 
If he has spent from thirty to forty seconds in his feast, it will 
be quite closed by the time he emerges, and no amount of pollen 
rubbed on its outer surface will have any effect, as that is not 
sticky : even if he has finished his meal quickly, the lower stigma 
will have gone some way towards closing, and will be in such a 
position, that in his passage out he cannot help pushing against 
it, and by so doing hastening its closing ; therefore from this 
flower also he will fly away with plenty of pollen to deposit on 
another stigma, and without having placed one single grain on 
its own stigmatic surface. I think we may therefore conclude 
that in the musk the relative position of the pistil and stamens, 
their slightly different time of becoming mature, the extraordi- 
nary size of the stigmas, and their sensitiveness, are all quite as 
much in order to prevent pollen from reaching the stigma of its 
own flower, as they are to enable it to get to the stigmas of other 
flowers ; and their combined effect is to render self-fertilization 
very nearly, if not quite, impossible. 

The pea-flower family is a wonderfully rich one in devices for 
obtaining cross-fertilization. Much has been done in it in the 
way of observation and experiment by both English and foreign 
botanists, but a rich field of inquiry is still left unexplored. 

If you forget the construction of the flower, you had better 
turn back to page 13 and read the description of the gorse and 
pea. We said there that all the wonderful contrivances of these 
two flowers had " for one end " the preafttvatUoii oi \Jcift ^'^'^^ 
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We are now ready to understand how many of them serve 
another purpose at the same time, thus proving that when we 
have found out a clear use for any special modification in a 
flower, we must not let our delight at our discovery make us 
certain that we have reached the bottom of its histoiy. 

Pick a bit of the little yellow birds* -foot trefoil {Lotus 
comiculatus) that grows by the road-side in the summer ; or 
if you cannot find this, a sprig of the greenhouse coronilla, 
from which drawings 120 and 121 are taken, will answer the 
purpose. Both these flowers have the same contrivances, though 
it is on the former that Dr. H. Milller's observations are 
made.* 

There are ten stamens, nine with filaments united to form a 

tube, and one loose like the pea- 
flower (fig. 119). These stamens 
are all enclosed within the curi- 
ously-shaped keel formed by the 
two lowest petals, which, in our 
flower, are slightly united at the 
top as well as the base. 
The stamens burst, and shed their pollen while the flower is 
still in bud ; after the bursting, the five outermost grow both 
longer and thicker at the tops, and by so doing push the pollen, 
which in this flower is 
slightly moist, into a ^^ 

tight mass at the top of 
the keeL Fig. 1 20 shows 
the compressed pollen 
through its. petal-cover- 
ing (/?). While this has been going on, the flower too has been 
enlarging and blowing, and by the time the pollen is well pressed 
up, it stands open and erect, with its bright yellow standard (or 
topmost petal) expanded, to catch the eyes of any hungry bee, 
*Die Befiiichtung der Blumen durch Insekten, p. 127. 




Fig. 119. 
Stamens of garden pea. 




/ 

Fig. 120. 

Keel of coronilla 

(enlarged). 




Fig. 121. 
Flower of coronilla. 
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and its two side petals outspread, as if on purpose to afford an 
inyiting landing-place for it (fig. 121, Ip), 

Some members of the pea family do not seem to produce 
any honey at all, but all those that do store it in the same 
place, viz. in a narrow rim round the receptacle.* 

No sooner does a bee (for these are the insects which most 
frequent our flowers) enter a birds-foot trefoil, and bend down his 
head to the little hollow under the big standard, than the platform 
on which he stands is depressed by his weight, and with it the 
keel also is drawn down, since the petals forming this are joined 
to the side petals by curious swellings and hollows, as we saw at 
page 15. The result of this depression is that the slightly 
closed keel opens at the top, and the pollen shoots out, not in 
powder, but in small moist masses, which adhere to the hairy 
under surfeu^e of the bee. As he goes on with his work he 
pushes his head more forcibly into the narrow space between the 
standard and the keel, and probably also struggles somewhat in 
his efforts, thereby depressing still more the platform on which 
he stands. This further depression not only brings out more 
pollen, but also causes the long stigma and some of the stamens 
to protrude, and the stigma is thus pressed agednst the bee, and 
rubbed by its every movement. Now if the bee is only just 
beginning his round of visits to the birds'-eye trefoil, the only 
effect of this will be that the stigma will be thoroughly covered 
with its own pollen ; but if, as is more likely, he has already 
been to other trefoil flowers, pollen from them will be rubbed 
upon the stigma, and the flower will be cross-fertilized. 

Supposing that a flower never gets visited by an insect at 
all, a chance which must happen now and then, the stigma 
without ever emerging from the keel would still be covered 
with its own pollen. Whether in this case it would bear less 

♦ This was written before Mr. T. H. Farrer's paper on coronillas ap- 
peared in the July 2, 1874, number of Nature. He thinks that some 
species have their nectar in glands outside the calyx. 
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seed (as we saw in the primroses), or what the result would be, 
is not known, and Dr. H. Miiller remarks that good experiments 
on this point are much to be desired. These should be made 
by covering several plants with fine gauze while still in bud, and 
so preventing the access of bees to them. 

There are two points in this story to which I wish to call 
your attention. 

(1.) The time of the bursting of the stamens, which is in this 
flower probably, in many others certainly, before the stigma 
becomes sticky. It is one of the commonest expedients which 
flowers have for preventing seK-fertilization. 

(2.) Many members of the pea family do not produce honey, 
yet as most of them are found to contain honey round the rim of 
their receptacle, the honeyless flowers are visited by bees who are 
unaware of their deficiency, and who in their unsuccessful search, 
do all for the flower that it needs.* It seems likely that this fact 
may account for the absence of honey in some other flowers, for if 
a flower gains aU the advantage of having honey without the loss 
of expenditure of producing it, clearly that flower is better without 
it. On the other hand, it would never do for too many flowers of 
one sort to cease to produce honey; lest the insects should learn 
to disbelieve in its existence, and cease coming to hunt for it. 

The details of this one pea-flower will help you to examine 
for yourselves other members of the same family, and you will 
find it a most interesting work to try to make out the reasons of 

their various modifications. Some- 
times, when there is a loose stamen, 
there are little holes on each side 
^ ,„„ of it by which, and by which 

Fig. 122. •^ . . 

Dust-spikes of gorse {enlarged). alone, the bee Can gain his nectar 

feast ; and in some flowers you will be able to trace how the 

♦ Entomologists will be reminded here of the deception which the 
edible Leptalis plays upon the birds by resembling the uneatable Heliconia. 
See WaHace'B Essays on Natural Selection, p. 80 ; or the Rugby School 
Natural Hiatory Eeport for 1867, "p. ^6. 
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insect is thus induced to place his weight on the exact spot at 
which it will be most useful for the fertilization of the flower. 
Again, when there is no loose stamen as in the gorse (fig. 122), 
the whole structure of the flower is often so arranged that if 
there were one it would be evidently useless. Sometimes the 
pollen shoots out in tight moist masses, as we have seen ; some- 
times it pufls out in clouds, as in the gorse, and the suitableness 
of both these methods for the special flowers in which they are 
found is not hard to make out. Generally it is the hairy 
under surface of the bee which carries the pollen ; sometimes 
{e.g, in the scarlet runner) the keel with its precious freight is 
twisted spirally, so that the sticky stigma rubs the back of his 
head and clears him of foreign pollen ; and after this some col- 
lecting hairs lower down on the style give him a fresh load to 
carry to another flower. All this and very much more you can 
see for yourselves in the flowers. 

I will finish tins chapter with telling you as shortly as possible 
some of the contrivances of a very different family from the pea. 
These have been discovered separately by Hildebrand* in Ger- 
many, and by Dr. Ogle in England,^ in several species of Salvia. 

Salvia splendens ; a beautiful flower of a delicate shape, 
and with sepals of almost as brilliant a scarlet as the corolla, is 
the one from which the illustrations are taken. It is not men- 
tioned by Dr. Ogle, but very 
slight modifications make 
his observations suit it. 
Any sort of Salvia will do 
for my readers to follow the ' pig 123. 

description with. They all noytve of SalvU splendens. 

belong to the Labiatae, i,e, they are of the same family as the 

• "Die Geschlechter — Vertheilung bei den Pflanzen." 

t " The Fertilization of Salvia, and of some other Flowers," by William 

Ogle, M.D., pabhshed in the July number of the Popular Science Journal 

for 1869. 
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white nettle, and have like it the curious four-seeded ovaiy, 
"which we noticed in a former chapter (p. Q2\ and a long thin style 
divided into two curling stigmas. In fig. 123 you see thefive-lohed 
corolla with its lowest petal rounded and outspread to afford an 
inviting landing-place (LP) for bees and other insects. The 
stamens are quite different from any we have examined. Instead 
of the normal number of four, there are only two which bear 
any pollen, the other two having in our flower quite disappeared ; 

even when they are visible they have 
diminished into little threads, with nothing 
like an anther between them. The two 
pollen-bearing ones are also so strangely 
modified as to be hardly recognisable ; each 
of them is fastened to one of the side 
lobes of the lower lip of the corolla (fig. 
124); they have short strong filaments 
(Jil\ and then, instead of an ordinary two- 
Section of sivia spiendens. lobed anther, they have an enormously long 
connective {cori) with one anther-lobe at the top, and in the 
flower before us nothing but a slight swelling (LanX) at the 
lower end of the connective, where the other anther-lobe should 
be. Thus, instead of four stamens, each , , 

bearing its double-lobed anther, we find -^ 
only two lobes altogether. These two, 
however, as if to make up for the defici- 
ency of their brethren, are most profusely 
suppKed with pollen. Fig. 125 is a front 
view of the two stamens, and shows how 
the lower useless ends of the connectives 
are joined together. Now let us consider 
aU this curious mechanism with regard to 
its position and use in the flower. Suppose a bee to light on the 
lower lip of fig. 123, LP. The honey is secreted at the base of 
the tube, which in this flower is so long that he cannot stand still, 



Pig. 124. 



^. 




Pig. 125. 

Front view of Salvia 

stamens. 
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as on tlid mask, and extend his proboscis to the glands, so he is 
obliged to force his way down the tube. He does not touch the 
forked stigma in doing so ; that is stretched out far above him, 
and the upper anther-lobes are also snugly tucked into the over- 
hanging upper lip, and apparently quite out of his way; but the 
lower end of the connective (fig. 124, LanJl,) is 
directly in his way, and he cannot fail to hit it 
with his head. Figs. 126 and 127 will show you 
what the effect of this will be ; the upper anther- 
cells will come round with a swing and hit the ^ 
bee full on the back, just as the bag of flour or 
sand used to do in the old game of quintain, which 
our forefathers played at in the reigns of the 
Plantagenets ; and in the case of the bee the 
result will be the same — ^he will come away with 
a very dusty back. You can easily see the effect of trying to 

push a pencil down the tube of 
the coroUa; it will touch the 
lower end of the connectives, 
and the result will be the same 
as in fig. 127. The bee having 
done his feast, will back out of 




Pig. 126. 

Side view of 

Salvia stamens. 




Fig. 127. 
Action of Salvia stamens. 



the flower in the queer way common to bees, 
and will no more touch the stigma than he did 
in going in. However many flowers he visits 
of the same age as the one we have been de- 
scribing, the effect will be the same — he will 
get more pollen and part with none ; but at 
last he is sure to enter an older flower, and when 
he does so the case wiU be quite different ; for 
the style grows on, increasing in length after 
the flower has blossomed, and as it is from its 
position obliged to grow in a curve, its stigmas 
soon hang down in front of the entrance of the flower, as shown 




Fig. 128. 
Older Salvia flower. 
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in fig. 128. When a bee tries to enter a flower in this stage 
the result is obvious, bis be-pollened back must touch the 
bending stigmas, and leave on them some of the trophies of his 
game of quintain, and so he will have done his work, and cross- 
fertilized the flower. 

I might multiply indefinitely wonderful stories of this kind, 
both from the papers of Dr. Ogle and of many other writers 
both foreign and English ; but I think I have said enough to 
show that there is reasonable ground for supposing that cross- 
fertilization by means of insects is the rule rather than the 
exception among flowers. 

You may be inclined to ask, "Why, if the advantage of a 
flower being dioecious is so great as to be worth all these won- 
derful contrivances, is not the matter made a certainty by the 
stamens always growing in one flower and the pistil in the other, 
as in the Vallisneria V* There are several objections to this. 

(1) According to the present plan the number of stamens and 
pistils being double of what it would then be, the chance of 
cross-fertilization is much greater; (2) In case bad weather 
should keep the insects away at the proper time, it is better that 
there should be a chance of the flower having a little seed set 
by its own pollen, as in the case of the long-styled primrose ; 
and (3) There is reason to think that there are some flowers, as 
the white nettle, which blossom all the year round, and which, 
while in the summer they are fertilized by insects, in the winter 
never thoroughly open, and by their bud-like shape force the 
stigmas down to the bursting anthers, and so get their own pollen 
and set some seed. 

The next chapter will be on the first growth of seeds, and I 
should advise my readers to prepare their specimens beforehand. 
Broad beans and some Indian corn should be put in water to 
soak, and some mustard-seed sown on wet flannel Some of the 
beans should be soaked only for a day or two ; others should be 
put m water about a week before they will be wanted. 



CHAPTEE VIII. 

ON SEEDS. 

SPECIMENS wanted — SoaJced broad beans ; nuts; almonds 
in the shell; hemp-seed; mvstard-seed sown on wet 
flannel ; soaked Indian com. 

We have now become acquainted with the most important 
parts of the grown-up life of a plant. We have seen it in bud, 
in flower, and at seed-time, and in all these stages of its career we 
have remarked how the well-being of its descendants rules its 
growth and habits. We have now to study these descendants 
in theif infancy. 

Those of my readers who have followed the advice given 
them at the end of the last chapter, will have broad beans 
and Indian com soft and swollen from soaking. Some of the 
beans will be only slightly enlarged, while others will have 
burst their brown covering, and sent out white sickly-looking 
leaves and roots. Let us take one of the first-mentioned of these, 
and see what we can make out about it (Should you have 
omitted to put any seeds to soak, you can make them fairly fit 
for examination in a short time, by pouring boiling water upon 
them ; and I strongly advise you to do this, as this chapter is 
quite useless unless the descriptions are followed in the living 
seeds. The illustrations are only meant to indicate what you 
are to look for in these.) 

You have before you (fig. 129) a large brown seed, much 
thinner at one end than the other, with a long black mark at 
the thick end {scar), which is considerably de^Tie««»^^, ^sA\iSMa» 

E 
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Boaked broad bean. 



the effect of dividing the bean lato two eaiB The scar is 
left by the eepuatiou of the bean firom the httle stalk which 
ongmaUy acted as nounshing cord, 
as you aee from fig, 130, which 
shows a bean etill attached to 
, the seam of the pod. How press 
the beau between your finger and 
thumb ; at one end of the scar yon 
will see a small drop of water oow 
ont. You should hold your bean 
with tiie scar pointing to your rights 
and with the water oozing from the lower part of it, i.e. in the 
same position as is represented in 
fig. 129. If yon now dry it, and 
look carefully at the spot from 
which the water came, you will be 
able to find the tiny hole, like the 
prick of a pin (fig. 129, Ig) through 
which it emerged. Just below this, 
and pointing exactly towards it, you 
may also notice what aaems to be a 
triangular swelling below the skin 
(rod). Turn to the other end of 
the scar, and you wiU see there too a alight protuberance of a 
cord-like shape (fig. 130, ft), running along the edge of the 
bean for about an inch, and ending in a round discoloured mark 
(/A). You may also see (though this ia not shown in fig. 130) 
that this cord-hke swelUng is continuous with one of the same 
size and shape, which starts from the seam of the pod {pX) and 
nins down one side of the short stalk into the bean. 

Now remove the covering from your bean, being careful not 
to injure its contents. The skin is thick, and, as you will find 
by scraping it with your knife, really double, the outer skin 
being brown and leathery, the inner white, and as fine as gold- 




Broad bean attacbed to tb 
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beaters' skin. It is important to be quite clear about the rela- 
tive positions of the skin and its contents. If you find yourself 
confused about this, when you have laid down the skin of your 
first bean, you must start afresh with another. The black scar 
which we noticed is in the outer skin alone. The reason of the 
triangular swelling is evident enough, as a strong white shoot is 
now apparent, fitting into a neat little pocket in the skin ; but on 
turning to the other side of the bean, we see nothing in its smooth 
white surface to account for the cord-like protuberance which we 
noticed there. Evidently then, this must be, like the scar, only 
skin-deep. Look carefully at the covering which you have taken 
o£^ and you will find between the two skins, or rather, in the 
outer of them, a tiny tube running horn the scar to the discoloured 
mark (fig. 130, /^). This is in fact a feeding-tube {ft) starting 
£rom the pod, going down the seed-stalk, and then along the edge 
of the bean ; and through it enough nourishment passed, while 
the bean was still on the parent plant, to change it from a small 
shapeless lump into the large healthy seed before you. The dis- 
coloured spot, or feeding-hole (fh) is the place where the tube 
ended, and the nourishment passed through the inner skin into 
the white substance of the bean itself. The hole at the other 
end of the scar (fig. 129^ Ig), which also does not go beyond 
the skin^ is necessary for the weKare of the bean in another 
way, as through it the fractifying poUen-tube passed, which 
we have found to be essential to the existence of every sort of 
seed* 

Now we will return to our bean : the brown skin is gone, and 
we have before us the young plant pure and simple. Its separa- 
tion into two is plainly marked, and two short hinges on either 
side of the shoot are visible, joining this to the main seed. Try 
to divide the bean by putting your knife into the line apparent 
between the two ears; it will separate easily, and you will 
see that it is' made up of two lobes flattened on the inside, 
and nowhere united, except by the two akiot^. \isv!^'a», ^\i^ 
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which is that the radicle (ie. the triangular shoot which 
eventually bears the roots, fig. 129, rad) always points to the 
little hole through which the pollen-tube passes (Ig), while the 
upper shoot points to the end of the feeding tube (fig. 132, fh), 
i,e, to the spot at which the nourishment leaves the tube and 
becomes dispersed in the lobes. The position of this hole for 
pollen, or micropyU (little gate), as it is called by botanists, 
differs greatly in different seeds, and of course influences the 
whole packing of the plant in the seed-skin. 

Nettle Seed, — The common stinging nettle is one of the few 
plants which has the simplest possible arrangement, both as to 
arrangement of the seed in the ovary, and also in the interior 
packing of this seed. I am afraid you will have difficulty in 

finding and examining nettle seeds, and must 
— '%' therefore trust to fig. 134 for helping you to 
-rod nnderstand their structure. It represents a 
sk vertical section of the fruit of the nettle. The 
\--st.sh ovary is one-seeded, and the point of attach- 
ment of the seed, i,e, the point where we 
":f^ should find the scar if the seed were taken 
out, is exactly at its base. The " little gate" 
Section of nettle frnit (Ig) points in the opposite direction, u& 
(magnified). towards the stigma at the top of the ovary. 

When the scar and little gate are thus arranged, the seed 
IB said to be erect in tlie ovary. The best definition of an 
erect seed is, that ^'a straight line can be drawn through its 
scar and micropyle (little gate), which shall pass through the 
stigma.'' 

We can now put the ovary out of our heads, and consider 

the way in which the future plant is packed into its coats, which 

in hg. 134 are represented by two lines with httle bars between 

them Uk). This also ia 'very simple in our nettle. The outer 

shoot or radide (rocC) m-vxsX, «& ^o\SLT»TaRSs^T,^Vs& towards the 

little gate ; ihia is \iex^ ^^^^"^1 «»^ ^^ Vs^ ^I^^^rrS^V^V^ 
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ON SEEDS, 186 

therefore does so without being obliged to curve as in the bean. 
The stem-shoot must also point to the feeding-hole, i,e, to the 
spot at which the nourishment from the parent plant enters and 
becomes dispersed in the seed-leaves. In the bean, the stem- 
shoot pointed to a spot some distance from the scar ; (see fig. 
132, {fh\ where imaginary nourishment is shown entering the 
seed-leaf) ; it was therefore necessary to have a feeding-tube to 
convey the nourishment from the end of the scar to this spot. 
In the nettle, on the contrary, the stem-shoot {st eh) points 
exactly to the scar, there is therefore no need of a feeding-tube, 
and accordingly we find none. Evidently, then, the packing of 
the nettle plantlet in its seed ia very different &om that of the 
bean. We can draw a straight line from the scar, which shall 
pass through the feeding-hole, the stem-shoot, and the radicle ; 
whenever this is the case, the plantlet is said to be upright 
Therefore in the nettle not only is the seed erect in the ovary, 
but the plantlet also is upright in the seed. You must be very 
careM not to confuse these two things, which are perfectly dis- 
tinct, though in the present instance they happen both to be met 
with in the same seed. You should notice that in the nettle 
the stem-shoot will not pull itself out from between the seed- 
leaves, as we saw it do in the bean, but the two seed-leaves will 
part to allow it to grow up between them, and it will feed upon 
the thickness of these leaves in precisely the same way as we 
have before noticed. 

Hazel Nut — Now we wiU leave the nettle, and return to our 
old friend, the hazel nut. You will have no difficulty in getting 
plenty of these for examination. Hitherto we have only studied 
the fruit (page 81), now we will see what we can make out 
about the contents of that fruit. The hard shell is, as you know, 
composed of the calyx and two carpels, which have become 
entirely joined together. The black mark at the bottom show^ 
where this fruit was joined to the stalk. Ct«^ "'^ ^^^ «si^ 
foa will £nd inside one seed or kernel, tiift oiaVj «v3xnv?o^ '^fl *^^ 
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Fig. 185. 
Seed of hazeL 



four wliicli were originally present. It is attached almost at the top 
to a long fibrous cord (fig. 135, aa), which you will probably mis- 
take for the seed-stalk. It is really the axis of 
the pistil, which used to be in the middle of the 
ovary with four seeds joined to it, but which is 
now, by the undue size of the one seed, broken 
off from the ovary, and pushed out of place. 
What is the position of our seed in the ovary ] 
It is not fastened at the base, it cannot therefore 
be erect. Its place of attachment is almost at the top ; it is there- 
fore said to be pendent in the ovary. And the little gate (Ig) is 
at the top of the scar which marks this place of attachment 

Now pour boiling water on your nut, and let it soak for a few 
minutes ; at the end of that time you will be able to scrape off 
the curiously veined outer skin, and will find still left the thin 
inner coat, which in the bean we compared to gold-beaters' 
skin. Take this off also ; you will find a minute shoot at the 
top of your nut, evidently the radicle (fig. 136, 
rad), and running from it on either side is a faint 
line, which shows where the two lobes may be 
separated. They are not really joined, but their 
having spent a long time in a hard inelastic shell 
has pressed them very close together, and made 
them much harder to get apart than in the bean. Half of hazel seed. 
When they are separated, you will find lying between them, 
and pointing exactly downwards, a tiny stem-shoot {st sh) 
proportionately much smaller than in the nettle, but never- 
theless unmistakable. Bemembering our old rule about the 
stem-shoot pointing to the feeding-hole (fh), we know that 
this must be at the bottom of the seed. We also know that 
the nourishment entered the skin-cdats by the stalk which 
united it to the pod (fig. 135, scar). There must therefore in 
this seed be a feeding-tube to convey it from the scar to the 
spot at the hottom. In fig. 136 the course of this feeding-tube 




Fig. 13«. 
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is marked by a dotted line outside the Beed-leaf (/<) ; it is of 
coarse Impossible to see it reaUy, as we know it to be imbedded 
between the two skins, which are removed. Now compare the 
packiiig of this plantlet with that of the nettle. Thete we could 
draw a straight hne &om the scar through the end of the feeding- 
tube, which should also pass through the whole plantlet, and end 
at the tip of the ladicla He^ we can do nothing of the kind, 
so it cannot be upright. In the nettle the stem-sboot pointed 
exactly to the scar, and was opposite to the radicle and little 
gate ; there waa therefore no need of a feeding-tube. Here we 
find just the contrary. The little gate adjoins the scar, the stem- 
shoot points in the opposite direction, and a feedii^-tube has to 
ran the whole length of the seed. This sort of plantlet is called 
iitoerled, because it is just contrary to the arrangement of the 
i^rigM plantlet. The inverted is the commonest of all ways of 
packing the infant plant, and is not always easy to recogniae, as 
there are various modifications of it. Yon should, however, notice 
that in the plantlet itself there is no carve ; the stem-shoot being 
the direct continuation of the radicle. Perhaps ita simplest 
definition ia, " having a feeding-tube, and the two shoots being 
uncurved." 

Almond. — The almond is a very pretty example<o£ this same 
sort of seed, and by reason of its larger size is 
much eaaier to examine than the nut. It belongs 
to the rosaceous family, and the fibroua husk ^^"^'3 
which you must take off is the same part of the 
fruit as the stone in the apricot, cherry, etc. (p. 
75). This, the fibrous endocarp, being removed, ,^\ 
you find a large oblong seed {fig. 137) with ^ 

a long scar near the top, showing where it 
was attached to the huak. Its position in the 
ovanr is then, like that of the nut, pendent. ^^k- i*^- 

_.,'',.,,. ... - Beed of almond. 

It dearly has a leeding-tube also, for you can 

aee its coid-like swelling nmning &oin. 'ikA \)aa« qI 'Coa «^^ v^ 
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nearly the bottom of the seed (/^), where the end is made 
visible by a curious sort of darkening and contraction of the skin. 
Now blanch your almond, and divide its two seed-leaves, one of 
which is considerably larger than the other. You will find the 

stem-shoot (fig. 138, st sh) cradled most 
/^T ff ^J^ cosily between the two leaves, but as the 
/ I radicle points not exactly to the top of the 

j'^-^ I seed, but rather to onb side of it, the whole 

/ plantlet lies somewhat diagonally. The 

I reason of this is that though the little gate 

J&y was near the scar it did not join it (fig. 1 37, 

fh lg)j and the effect of this is to shorten 

Fig. 138. the feeding-tube by the same distance as 

Half of almond-Beed. ^^^ ^^^^^ ^^^ ^ ^^^^ ^^^ ^^^ -^^^^_ 

theless, as there is a feeding-tube, and the plantlet is not 
curved, it comes under our definition of inverted. 

The Hemp. — In the third type of seed, both holes, viz. the 
feeding-hole and the little gate, are close together. When this 
is the case, the plantlet is bent round upon itself, as both its 
shoots have to point to the same place. The bean was an 
example of this ; but not a perfect one, as in it there was a 
feeding-tube, and the stem-shoot pointed to a spot at some dis- 
tance from the scar. In a perfectly curved plantlet, as thia 
arrangement is called, there is no feeding-tube. 

The hemp-seed is a very good one for us to look at, and if 
any of my readers keep canary-birds, they will be sure to have 
some at hand. What we call the h&ar^aeed is in fact the whole 
fruit, and you had better pour some boiling water on this to 
enable you to get the husk off without injuring its contents. 
You will find one seed, wrapped as usual in two coats ; the outer 
of these is green, the inner white and transparent. You will 
not be able to see any signs of the seed-stalk, which was exactly 
at the top of the seed, and attached it to the top of the ovary. 
^fbe seed is then, as in our two preceding examples, pendent in 
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the ovary. The two coats will easily come off, and you will then 

have a plantlet with two seed-leaves folded rather differently 

from those we have hitherto seen. Fig. 139 shows 

scar 

it, somewhat magnified, lying in its coats, which y^ jJy-...^A 
have been carefully cut, their contents being left 
whole. The scar is at the top, the little gate (Jg) 
and the feeding-hole (/h) are close together, both 
of them adjoining the scar. We know that the 

Fiff 189 

radicle must point to the first of these, the stem- seedof hemp 
shoot to the second ; it therefore follows that both ^^ *^® ^^^ 

. . cut {viognifitd). 

shoots must pomt to nearly the same spot, i.e. be 
curved in upon each other. Pull off the outer of the two seed- 
leaves by breaking its hinge, and see whether the direction of 
the stem-shoot answers our expectation. You see it plainly, 
though it is so small, lying in the cradle of the remaining seed- 
leaf, growing from the unusually long radicle (fig. 
140), and curled round so as to point at the end 
of the radicle. If you put it under a microscope, 
you will be able to see two beautifully perfect 
Fig. 140. • leaves of the future plant cut into teeth at the 
Half of hemp-seed edges, and covering the bud, which will hereafter 

develop into other leaves and stem and flowers. 
Of course there is no feeding-tube to the hemp ; the feeding-hole 
is close to the scar, so there is no occasion for it. 

You have now examined the three types of plantlet, viz. — 
The Upright. — ^When a straight line can be drawn from the 
scar to the little gate, which shall go through the whole length 
of the future plant (see fig. 134). 

The Inverted. — When a feeding-tube is necessary to convey 
the nourishment from the parent plant to the feeding-bole, i.e, 
to the spot opposite the stem-shoot. In this type the plantlet 
itself is straight (see figs. 135 and 137). 

The Curved, — When the plantlet is bent round upon itself, 
so that both shoots point towards the aaxae ^^o\i. Tvi<^ \l^\s£^ a 
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(fig. 140) is a perfect example of this; the bean (fig. 132) an 
imperfect example. 

To one or other of these types you ought to be able to refer 
the seeds of all dicotyledons ; this word is constantly used by 
botanists, and comes from di-^ two, cotyledon, a seed-leafl 

There are, however, two more things to be noticed before 
leaving this large class and considering the other, and in England 
much smaller, class of monocotyledons, or plants with mono-, one, 
cotyledon, seed-leafl 

First We have spoken as if the thick seed-leaves had only 
one office, viz. that of storing up ready prepared food for the 
young plant, till it had root enough to suck in, and leaves enough 
to digest, other food for itself. In most of the seeds which we 
have examined this has been their only office, and, it being done, 
they decay — ^never having come above the soil at aU. Sometimes, 
however, these very seed-leaves, after they have been thinned by 
feeding the plantlet, themselves come above the ground, turn 
green, and begin their work of digestion. They do this when 
they are either not fat enough originally to last the plant for any 

length of time, or when the plant is a slow 
grower and thus takes a long time before its stem- 
leaves have expanded. Whether the seed-leaves 
come above the ground or not, depends upon 
whether the plantlet lengthens below as well as 
above its two hinges. In the bean (fig. 133) it 
lengthens above only, and therefore, as we have 
seen, the seed-leaves are never moved from their 
original position But look at the mustard-seed, 
which I advised you to sow on wet flannel ; you 
will find each plantlet with the seed-leaves en- 
tirely out of the seed-coats, unfolded, just below 
Fig. 141. the stem-shoot, and, in fact, forming the first 

leaves of the future plant (fig. 141). If you ex- 
e a just expanding mustard-seed, you will be puzzled to see 
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a curved plantlet with apparently four thin seed-leaves ; but 
watch the plant a little longer, and you will see the four unfold 
into two, and turn into the round leaves which we eat in " mus- 
tard and cress." You will instantly recognise those plants whose 
seed-leaves come above ground, for they are always round, 
smooth-edged, and unlike the ordinary leaves of the plant A 
young sycamore, laburnum, or maple tree, is a good example of 
tlus. 

Secondly. All the seeds which we have examined have been 
composed wholly of two shoots, the one ascending (stem-shoot), 
the other descending (root -bearing), and of two seed-leaves, 
which last form the principal part of the seed. But this is not 
always the case. Sometimes the seed-leaves are quite small in 
proportion to the rest of the seed, and then some other food 
besides that contained in them must be provided for the young 
plant. The violet is a good ex- 
ample of this (fig. 142). The fj^ . 
seeds grow in an ovary formed of 

three carpels, having parietal pla- f^^^^^s^^T^Jad 

centation (see page 58). Their Fig. 142. 

• ,. • i.T_ • "xv Section of violet seed (enZorffed). 

position in the ovary is neither ^ ^ ' 

erect as in the nettle, nor 'pendent as in our other examples. 
They are fastened to the sides of the ovary, and point straight 
in to the middle ; they therefore deserve their name of horizontal 
in the ovary. If one of these is cut through the middle, 
it will be found to have a straight plantlet, its radicle pointing 
to the scar, and a long feeding-tube (/if) conveying the 
food from the parent plant to the spot towards which the stem- 
shoot points. You cannot see this stem-shoot, but its direction 
is indicated by the two little cotyledons (cots) ; and it clearly be- 
longs to the type of inverted plantlets. But the whole thing, 
seed-leaves, stem-shoot, and radicle, does not half fill the seed- 
coats. The rest of the space is occupied by a white starchy sub- 
stance^ which becomes soft as soon as the '^laii^ \^^^s^ \^ 5^<^s^ ^ 
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and is sucked in, not through any special place, but through the 
whole surface of its tender young skin. This starchy substance 
not only performs the same office as the wbite in a bird's Qg'g, 
which nourishes the chick while in the %gg, but is formed of as 
nearly as possible the same constituents. It is therefore known 
by the name of albumen, or white of Qgg (alb,) 

Now we may leave the seeds of dicotyledons, and spend a 
few minutes in looking at those of monocotyledons. 

Take your soaked Indian com, or if you have not provided 
any, have some boiled for about half-an-hour. The seed is 
chiefly made of what looks outside like yellow horn, but on one 
side of it you will see an oblong white marking, showing the 
presence of some different substance under the skin. This is the 
young plant, which resembles the violet in having all the rest of 
the seed made of the albumen on which it is to feed. Try to get 
this little plant out by cutting the skin round it with a sharp 
knife, and then pressing the seed with some force. You ought 

to get a thick triangular body (flg. 143) ; and if 
you poke it about with your knife, you will find 
on its flat side (i.e. the side which was visible 
through the skin) a small shoot The main part 
of this triangular body is composed of the one 
thick cotyledon (cot.) The little shoot is the 
future stem (st sk), which is i 
continued very faintly in the other direc- 
tion into what, for the sake of convenience, 
we may call the radicle (rod). Now take 
another grain of Indian com, and cut 
through the middle of its white mark. 
You should get a section like that repre- 
sented in fig. 144, showing the white floury 
albumen, which lies beneath a layer of homy substance, the 
one seed-leaf, which is different in colour as weU as consist- 
encf, and the little shoot lying along the skin in one comer 




Pig. 143. 
Plantlet of Indian 
com (erUarged). 




Pig. 144. 

Section of Indian com 

(enlarged^. 
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of this seed-lea£ The black scar is very apparent, near the 
base of the seed, but rather to one side of it The little gate 
{Ig) is at the lower end of this, towards which the radicle 
points. The stem-shoot is composed of several leaves, fitting 
one inside the other, and points in the opposite direction to 
the radicle. The feeding-hole {fK) must therefore be at some 
distance from the scar, which proves the necessity of a feeding- 
tube, and our plantlet ihust belong to the common type of in- 
verted. Look at wheat which has been sown some time. You 
will find the stem-shoot lengthened and sending out leaf after 
leaf, each one curiously sheathing around those younger than 
itself ; but the radicle will not have lengthened at all It will 
have remained in its former place, and several roots incased in 
soft covering will be found growing from it. 

We have now found three differences between dicotyledons 
and monocotyledons : (1) the former have two, the second one 
aeed-leaf j (2) monocotyledons have no proper radicle j (3) the 
leaves of dicotyledons are net-veined, of monocotyledons parallel- 
veined (page 30). 

In our next chapter you will see the differences between the 
radicles of dicotyledons and monocotyledons more plainly. 



CHAPTER IX. 

ON EARLY GROWTH AND FOOD OF PLANTS. 

SPECIMENS wanted — A plant of groundsel ; a young plant 
of goose-grass ; a young plant of wheai. Freshly picked 
laurel leaves. Pulp of a ripe orange. 

In our last chapter we looked at plants in their infancy. "We 
pulled off their winter wraps, and saw them cradled in their 
hoUowed-out seed-leaves. 

Now we will examine some older plants, and see what 
changes they have undergone while growing up. 

Pull up the largest groundsel plant you can find. In the 
mass of branches, leaves, flowers, and roots before you, it is not 
easy to see what has become of the simple plantlet, encircled in 
its nursing leaves, and consisting of its one ascending and one 
descending shoot. The first resemblance to strike one is, that 
here too we have the ascending and descending mode of growth, 
even more plainly marked, for all the branches point upwards, 
while all the roots pierce their way down into the earth. Let 
us look at another plant, not so far removed from its infantine 
stage. A bit of young goose-grass (fig. 145) is very good for 
examination, and you will be sure to find plenty in any hedge or 
garden, or coming up in the pots of any green-house. Here 
there will be no difficulty in recognising the different parts of 
our plantlet. The two large leaves (cot) hanging down their 
heads, and beginning to fade, are the seed-leaves, like those which 
we last month, saw in the bean, nut, hemp, etc. In the goose- 
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gTssB they have come above ground, and dose their duty 
as the first leaves of the plant. All that you see above these 
belongs to the stem-shoot, 
vrhich in the seed was curled 
up between them. As to the 
long straight stalk below these 




give it different names ; aome 
call the whole of it radicle, 
without making any distinction 
between the part that does, 
and the part that does not, 
bear roots; others keep the 
name of radicle exclusively foi 
the loot-bearii^ part at the 
end. I think the simpler plan 
is that of the older botanists, 
viz. to indude all growth below 
the seed-leaves under the gene- 
ral name of radicle (as we have 
done in the last chapter), and 
to consider that this radicle 
consisto of two parts, viz. of 
the stalk, bearing neither roots 
nor leaves, which ne will call 
dentin (it let), and of its con- 
tinuation into the main root, which will branch out and bear 
many lesser roots (mr). Between these two parts of the radicle 
yon may often see a twist or alight swelling in the stalk, which 
betokens a change in its stnicture. This is called tiie collum 
at neck of the plant (cot), 

ITow return to your groundsel. All the branches, stents, and 
flowers, evidently spring from one main stem. This in its in- 
fancy Tas a stem-shoot lying between two &Qed.-\ea.'<«%. '^^ks^'^ 
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gronndsels you will find the radicle consistmg of a short stewlet^ 
and an exceedingly branched root; in others the stemlet will be 
entirely wanting, and you will have the coL immediately between 
the leaves and roots. If you put one of the smallest of these 
roots under a microscope, you will see that the greater portion of 
it is bare and stringy-looking, but that nearly at the tip it is 
famished with most delicate white fibres. 

Now pull up a young plant of wheat, about the size of the 

one represented in ^g. 146. 
One glance at the straight 
parallel- veined leaves will 
assure you that it belongs 
to the class of Monocoty^ 
ledofis — i.e. it had but 
one seed-leaf to take care 
of it during its infancy. 
Compare your wheat with 
the section of Tndian com 
we made in our last chapter 
(p. 142, fig. 144). You 
there saw a stem-shoot 
composed of several leaves 
folded one within the 
other, and a much larger 
fatter seed-leaf or cotyU- 
dmi wrapping round the 
whole. The cotyledon is 
not to be seen in the 
plant before you, as it re- 
mained in the seed-coats 
and there decayed; but 
the leaves which are now 
so long and green, are the 




Fig. 146. 
Yonng plant of wheat. 



very same which might have been seen a few weeks ago wrapped 



ON EARLY GBOWTH AND FOOD OF PLANTS. 147 

round in the seeds, and as yon may notice, they have not, even 
now, completely nnfolded. The seed-skins of the wheat-seed 
are still attached to the bottom of its stalk, but they are quite 
emptied, not only of the young plant, but of the albumen which 
served to fill the greater part of them. It has all become soft, 
and helped to feed the plant before you. 

Now compare the wheat plant with that of the goose-grass 
which you have just examined, and which you know to be a 
dicotyledon. There are a good many differences. That had a 
regular branching main-stem, with leaves growing two or more 
at a node. The stem of the wheat seems to be principally formed 
of enfolding leaves even to its base, and it shows no signs of 
branching. Below the seed the differences are still more strik- 
ing, for the radicle is wholly wanting, there is neither stemlet 
nor main root The stalk ends abruptly at the bottom of the 
stem-shoot (st sh), and through its tip (col) a number of roots 
push their way, all equal in size and length. If you put one of 
these imder a microscope, you will find it softer and more fibrous 
than those of the goose-grass, and you will also see that it is 
provided with a sort of sheath at the top, where it protruded 
£rom the stem. 

We have now examined plants as well as seeds belonging to 
the two great classes of dicotyledons and monocotyledons, and 
have seen that the same peculiarities which we noticed in the 
one, are also apparent in the other ; i,e, we have found that the 
chief change which a plant undergoes in growing up, is the self- 
evident one of becoming greener and larger. 

This brings us to another and very important question, though 
it is one which I have only space to touch upon slightly. What 
makes a plant get larger? We are so accustomed to see the 
growth of plants daily and hourly going on around us, that it 
requires some little thought to realise what a wonderful thing it 
is. We put a seed into a pot, we water it, and expect that in 
due time it will send up its leaves and et^m, «i\A ^^^T>i^s(^s6!^ 



&PVPEB ; Imx -w^ati diaiQd wt mj, haw should we exprees our 
wnaSsL, if lihe pietteet j^m*™^^- m Hie vadd were, out of a hand- 
fnl t£ tatai and m 'Sas^ water to make — I will not saj a 
foAa pLns — -bni asrxiin^ £ke a aq^ leaf ! Just at first, as 
wt iurc BMiL like seed ww noombed bj lood straed np either 
3£ m DiCT-jiBdmffi. or cnoade them vithm the seed-eoals, in the 
iRaa ofalbBiDeii: bin ihs was Hxn di^oeed o^ and afterwards, 
wiuB WBi^ xiiBFe f CT like phml lo live on, what could it get at but 
cKUi a&d wiser izid air f £rem here the wonder is not ended, 
&r siTOssEi^ line fumi cmdd with no other food hot these, ^ot^ 
daK II ^T¥ OL likBm f We cm account fior the growth of animals, 
Vmhbf w? se« iLbdm efi» and know that their food is chemically 
ad*Mi {m asii i^ssied izixo Isiood, flesh, etcL — ^bot who ever saw a 
ftMia -OK * Whu 2kBs ii ihat can serve it for a month I 

fxrsc — «^ «» wika2 i^ p3ant ]iT» on. We haTO seen that 
eaA . cr, isii wisbc. are the obIt things a plant can get at, from 
w^iK^ 31 ir^ijkxvs t^ui ix bs^ five en them, tie. it most have the 
wmaSecfcI |cwer ai taking: in some part of its sunoondings, and 
Urnc,?!^ 1^ iriiuk ssaa. lear^ etc The obIj other vraj in which 
ifit j?»wi^ WtKLtd be poisiUe, would be to snppose it endowed 
wt4^ ^ke Towvf of cieaS£Dg ils^ out of nothing; which is mani- 



ITe wEIL £wY the nMoaeiit^ pot the earth out of the qaestion, 
aail jiaofiMer ibe water and air, what they are made o^ and how 
m^ <afii to^EKt iNQoish the plant. This phrase, ''what the air 
^ laaS^ <^^ nei^siEes a Hnle explanation Every animal, v^e- 
9a^«. cc £2»^e«ec jl:=»;^ exerrihing we see aroond ns, is a compoand 
w^^tt^as:^ C^. is ^ ^ ffiaie as to be cipable of being separated 
^ ^dmt^QCT ini«> TanxK^ component parts. When anything is 
31/ ^»^^ «»^ii^ v?!«r b»jQg separated, it is said to be an dement 
Ix ^b^ pDKmfi ssase <i>f seimee oodj sixty-four elements have been 
^^$«^^v>HK^L Kws^^aing therefore in the world, whether jmimalj 
n^C^fQ»iui^ vY WM»]!^ k eon^MMuided of tiiese, or is itself one of 
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we see around us are reducible into so small a number of 
materials ; but it is still more wonderful that the main part of every 
UTing organism, whether animal or vegetable, is made of only four 
elements, and that no animal or vegetable exists in which these 
same four cannot be found. That is to say, that in the main 
the same materials are used in the formation of a jelly-fish as of 
a fir-tree, of a sea- weed as of a horse, the proportions in which 
they are found, and the ways in which they are combined, con- 
stituting the enormous differences between them. These are 
called the organic elements; and if we can find them existing 
in the air and water, we shall be somewhat nearer to under- 
standing how it is possible for plants to be nourished without 
baying access to any other food : we shall see, too, how it is that 
animals (though having the same constituents) are unable to live 
in the same way as plants. 

Air, when perfectly pure, consists of two elements, viz. 
oxygen gas and nitrogen gss : these are nearly in the proportion 
of one part by bulk of oxygen, to four parts of nitrogen gas. 
They are in no way combined, but are both said to pervade the 
atmosphere. Oxygen is a colourless, tasteless gas, without which 
no animal life is possible even for a few minutes. The presence 
of oxygen may be ascertained by seeing whether a candle will 
bnnL the flame beinc: really a Bisn that oxy&^en is combining; 
^something else Th J whefa taper is put down into a 
mine or pit, it is seen by the way in which it burns whether 
there is a sufficient quantity of oxygen in the air for a man to 
be able to live in it. Nitrogen is also a gas, a small quantity of 
which is soluble in water. 

Water is also made of two gases, oxygen and hydrogen, in the 
proportion of eight parts by weight of oxygen, to one part of 
hydrogen. These two gases, unlike those which pervade the 
atmosphere, are regularly combined, as is seen by their forming 
a matter so different from both of them a& ^qXat. 

Bfdrqgen gas is hardly ever found in a ^^^ ^^^a^^ S "«^^^ 
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flowers ; but what should we say, how should we express our 
wonder, if the greatest chemist in the world were, out of a hand- 
ful of earth and a little water to make — I will not say a 
perfect plant — but anything like a single leaf] Just at first, as 
we have seen, the seed was nourished by food stored up either 
in its cotyledons, or outside them within the seed-coats, in the 
form of albumen ; but this was soon disposed of, and afterwards, 
what was there for the plant to live on, what could it get at but 
earth and water and air ] Even here the wonder is not ended, 
for supposing the plant can do with no other food but these, how 
does it live on them ] We can account for the growth of animals, 
because we see them eat, and know that their food is chemically 
acted on and turned into blood, flesh, etc. — ^but who ever saw a 
plant eat ? What has it that can serve it for a mouth ? 

First — as to what the plant lives on. We have seen that 
earth, air, and water, are the only things a plant can get at, from 
which it follows that it must live on them, i,e, it must have the 
wonderful power of taking in some part of its surroundings, and 
turning this into stem, leaves, etc. The only other way in which 
its growth would be possible, would be to suppose it endowed 
with the power of creating itself out of nothing, which is mani- 
festly absurd. 

We wiU, for the moment, put the earth out of the question, 
and consider the water and air, what they are made of, and how 
they can possibly nourish the plant. This phrase, " what the air 
is made of," requires a little explanation. Every animal, vege* 
table, or indeed almost everything we see around us, is a compound 
organism, i.e. it is so made as to be capable of being separated 
by chemistry into various component parts. When anything is 
no longer capable of being separated, it is said to be an element 
In the present state of science only sixty-four elements have been 
discovered. Everything therefore in the world, whether anini^l, 
vegetable^ or mineral, is compounded of these, or is itself one of 
^em. It 18 a TTonderful thought, \!!cl^ a\i lln*^ VmLumocable forms 
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we see around us are reducible into so small a number of 
materials ; but it is stUl more wonderful that the main part of every 
living organism, whether animal or vegetable, is made of only four 
elements, and that no animal or vegetable exists in which these 
same four cannot be found. That is to say, that in the main 
the same materials are used in the formation of a jelly-fish as of 
a fir-tree, of a sea- weed as of a horse, the proportions in which 
they are found, and the ways in which they are combined, con- 
stituting the enormous differences between them. These are 
called the organic elements; and if we can find them existing 
in the air and water, we shall be somewhat nearer to under- 
standing how it is possible for plants to be nourished without 
having access to any other food : we shall see, too, how it is that 
animals (though having the same constituents) are unable to live 
in the same way as plants. 

Airy when perfectly pure, consists of two elements, viz. 
oxygen gas and nitrogen gas : these are nearly in the proportion 
of one part by bulk of oxygen, to four parts of nitrogen gas. 
They are in no way combined, but are both said to pervade the 
atmosphere. Oxygen is a colourless, tasteless gas, without which 
no animal life is possible even for a few minutes. The presence 
of oxygen may be ascertained by seeing whether a candle will 
bum, the flame being really a sign that oxygen is combining 
with something else. Thus when a taper is put down into a 
mine or pit, it is seen by the way in which it bums whether 
there is a sufficient quantity of oxygen in the air for a man to 
be able to live in it. Nitrogen is also a gas, a small quantity of 
which is soluble in water. 

Water is also made of two gases, oxygen and hydrogen, in the 
proportion of eight parts by weight of oxygen, to one part of 
hydrogen. These two gases, unlike those which pervade the 
atmosphere, are regularly combined, as is seen by their forming 
a matter so different from both of them a& ^qXat. 

Bfdrqgen gas ia hardly ever found m a ^^^ ^^"^^ S ^"^^^ 
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wanted for chemical experiments, it is obtained by abstracting it 
from water. 

We have now mentioned the only three elements to be found 
in perfectly pure air and water, viz. oxygen (which is found in 
both), nitrogen, and hydrogen. Let us therefore turn to plants, 
and see whether the same constituents may be traced in them 
also. Take any plant you like, and bum it — presently you will 
find nothing left but a small quantity of ash ; all the rest will 
have passed away in combustion or steam, and mixed with the 
air. The quantity of ash varies in different plants, but speaking 
roughly we may call it four-hundredths of the whole plant. In 
it, extremely minute portions of various elements may be found. 
If a chemist had analysed the other ninety-six hundredths as 
they passed away, he would have found them to consist of 
the four elements, which are oxygen, hydrogen, carbon, and 
nitrogen. This last exists but in small quantity, and only in 
certain parts of the plant ; we will therefore put it out of the 
question for the present. 

The main bulk of every plant consists of a substance called 
cellulose ; this is found in the roots, stem, leaves, and flowers, 
and, speaking roughly, the whole plant may be said to be formed 
of it. "When it is chemically tested and weighed, it is found 
that in 162 grains of cellulose are 72 grains of carbon, 80 of 
oxygen, and 10 of hydrogen. The oxygen and hydrogen we 
have no difficulty in accounting for ; we have seen that they 
both exist in water, and in the very same proportions in which 
they are afterwards found in the cellulose, viz. in the proportion 
of one of hydrogen to eight of oxygen. Every part of a plant 
has access to water, either as rain soaking down to the roots, 
or as vapour surrounding the stem and leaves. If in the spring 
time, after the fall of heavy rain, you make a slit in any young 
growing wood, the quantity of water which will ooze out will 
make you quite sure that the power of drinking in water is 
one possesaed by plants. But in our cellulose 72 parts out of 
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162, i,e. nearly half its whole weight, consist of carbon. Where 
can this come from? We found none in the air or water. 
Carbon is very different firom the other elements which we hove 
been considering. They were gases which combined to form 
other matters ; carbon, on the contrary, is a solid which com- 
bines with oxygen to form a gas. Pure charcoal is the form in 
which we are all familiar with carbon ; this when combined with 
a certain quantity of oxygen forms carbonic-acid gas ; the pro- 
portion in which they combine is three parts in weight of carbon 
to eight of oxygen, ix, in eleven grains of carbonic-acid gas there 
wiU be three grains of carbon and eight of oxygen. Hitherto 
we have spoken of perfectly pure air as composed of oxygen and 
nitrogen, but no air which an animal has once breathed in and 
out is perfectly pure ; there is always a certain admixture of 
carbonic-acid gas. 

You may prove this by a very simple experiment lime- 
water is what is called a teat of carbonic-acid gas, i,e. its presence 
may be discovered by a certain change which it causes in the 
lime-water. Put some of this into a tumbler (you can easily 
procure it from any chemist), then blow into it with a pair of 
bellows. The water will bubble, but provided the air taken in 
by the bellows be tolerably pure, no further change will take 
place. Now get any sort of tube, and yourself blow down it 
into the lime-water. It will speedily become thick and milky 
looking, and after standing for a few minutes, a white sediment, 
consisting of fine grains of marble, will settle at the bottom of 
the glass. This change in the lime-water is caused by the car- 
bonic-acid gas, which you, in common with all other animals, 
have in your breath. 

You see, therefore, that in all ordinary air there is sure to be 
a certain quantity of carbonic-acid gas, and this is further in- 
creased by the fact that all decaying matter, whether animal or 
vegetable, gives off this same product The way in which the 
carbonic-acid gas is taken in is twofold. 1\> \& ^o\\i\^^\fiL'^^;^{s^^ 
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therefore a certain portion of it is taken down to the roots in every 
drop of water which passes through the impure air ; but a greater 
quantity is taken in directly by the leaves in its gaseous state. 

We see, therefore, where all the principal ingredients of 
plants come from ; the oxygen and hydrogen* from the water, 
the carbon from the air in the form of carbonic-acid gas. But 
there is still a difficulty which I hope has struck you. The 
plant has got its full quantum of oxygen in the water; it is 
taking in eight ounces more for every three of carbon in the 
carbonic-acid gas. What then does it do with this extra supply ] 
If you put some laurel leaves in a glass of water, and then set it 
in a sunny window, you will soon have some help in answering 
this question ; for after a few minutes the edges of the leaf, and 
then the sides of the glass, will be bedewed with a multitude of 
tiny bubbles. These bubbles are pure oxygen gas escaping from 
the leaf. The green parts of a plant have the wonderful power 
of separating carbonic-acid gas into its two elements, of keeping 
the carbon and of sending out the oxygen through the leaves 
and stem. The leaf goes on doing this again and again as long 
as the sun-light lasts, till it has got the proper amount of carbon 
to mix with the hydrogen and oxygen and make into cellulose. 

It is this powen of separating and assimilaUng (as it is called) 
the carbon from carbonic-acid gas which gives to plants their 
enormous importance in the world. Try to imagine what the 
consequences would be if all vegetation were to vanish from off 
the face of the earth. Probably the ordinary idea of these con- 
sequences would be that ''a great deal of the prettiness that 
makes life pleasant would fly away with the flowers, and a good 
deal of the comfort of the dinner-table depart with the vege- 
tables ; " but few people realise that we too, and every animal 
living, should speedily disappear with the plants ; for we 
should die of starvation. Carbon is quite as necessary to the 
existence of animals as it is to that of plants ; but they, not 
being endowed, with the power of either digesting charcoal or 
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separatmg it from the carbonic-acid gas of the air, are absolutely 
dependent on plants for the preparation of their daUy food. 

As to the nitrogen, which, though less in quantity, is no less 
important for the life of the plant, it is chiefly taken in with the 
rain, since every drop in falling through the air dissolves, and 
brings down with it an almost inappreciable quantity of the &ee 
nitrogen pervading the atmosphere. Various combinations of 
nitrogen are found in the earth, which enter the plant, dissolved 
in water, through the roots. 

The other parts of the plant, which eventually form the ash, 
are taken from the soil by the water in its passage through it to 
the roots ; but here we come to a certain individuality in plants. 

We have all beard that such and such a plant requires a 
chalk soil, or that another will not live except in graveL The 
reason of this is that some plants require the elements dissolved 
by water in passing through chalk, while others require those 
obtained from graveL Here, too, we see the rationale of manur- 
ing, and of the rotation of crops ; the former being to give to the 
soil certain constituents of which the plants growing in it stand 
in need ; the latter, to avoid going on sowing crops in need of 
the same constituents, of which the soil has just been exhausted. 
Boussingault says in his Economie Rurale* " A medium crop of 
wheat takes from one acre of ground about twelve pounds, a crop 
of beans about twenty pounds, and a crop of beets about eleven 
pounds, of phosphoric acid, besides a very large quantity of 
potash and soda. It is obvious that such a process tends con- 
tinually to exhaust arable land of the mineral substances useful 
to v^^tation which it contains, and that a time must come 
when, without supplies of such mineral matters, the land would 
become unproductive from their abstraction." 

Now, having gained some idea of the food of plants, we come 
to the second question, of how they take it in. Before answer- 

* English Translation, iwge 493, quoted in Gray's ** Structural and 
Systematic Botany," p. 188. 
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ing this, ve must look for a moment at their internal atrnctiite. 
Take a bit of the pnlp of a ripe orange, and puU it about with 
your dissecting needles. You will easily separate 
it into a number of epindle-shaped bodies (fig. 147). 
These may be compared to thin india-rubber ball^ 
filled with liquid, and capable of being made dt 
almost any shape by compression. They are called 
cdU, their walls are formed of ceHtdoee, and similar 
ones, bat incredibly Bmallei in size, in some shape 
p^ ^„ or other, form the entire aubetance of all young 
Cells or onnge. plants. The youngest aiage in which you have seen 
plants is as perfect plantleta rolled up in their seed-coats, but 
the very first sign of them is a single cell lastened to the 
aeed-coat close to the micropyJe. This cell grows la^er and 
longer, and very soon divides into two ; the second cell again sub- 
divides, and BO the growth continues, till a perfect plantlet, with 
its radicle, seed-leaves, and stem-shoot, is formed. As the 
plant grows older, and having more weight to support, requires 
greater consistency, it bas vessels as well as cells. These differ 
from cells in being larger and in having thicker walls, with often 
a coating of a harder substance inside the cellulose. Vessels 
may be considered as formed of several cells with their partition 
walls broken away ; they form a considerable part of trees and 
plants with woody stems (fig. 148), but 
all the parts of every plant in which 
growth b taking place consist of cells, i*^^ ^ 
The size of these varies not only in 
different plants, but in different parts 
of the same plant ; in choosing the 
cells of orange oi lemon I have taken 
the laigesl^ because you can understand 
their structure best ; in general, cells 
are almost too small to be seen, or (ftiaMi/ moimtteo. 

separated ; but yoa may gain some idea of their minnteneo, 
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from hearii^ that a hundred thousand of them, or Bometimes 
even a million, are contained in a square inch. 

" But," it Tsxj he eaid, " since all these cells have walls, ve are 
getting no nearer the solution of the difficulty of the plant's 
powet of taking in food." Nevertheleaa it is quite certain that 
youn^ioote, vhich are formed entirely of cells, do in eome way 
or other take in water, and pass it on &om cell to celL This 
you will be able to see, if you put a growing hyacinth in a 
white bottle and colour the water, for the coloured fluid will he 
perfectly apparent entering the long white roots, and gradually 
aeaending them. Thus not only must the cell-walla be perme- 
able by water, but the plant must have some power of pumping 
the water up. This power depends on a well-known physical 
property, called the law of oemoee, which is that " all liquids of 
unequal density separated by a porous partition have a tendency 
to mix." You can prove this for 
yourself by a simple experiment (fig. 
Ii9> Take a decanter, and fill it 
with water ; then take a glass funnel 
with a long narrow neck, tie a bit 
of bladder over the broad end, and 
put some treacle and water into the 
ball of the funnel, bat not enough to 
come into the neck ; now pat the 
fiuinel into the decanter, fitting the 
neck into a cork to keep it in place. 
After a few hours you will see the 
water round the funnel becoming 
slightly discoloured, and you may he ^ 
sure that the water is running in, as 
the treacle and water are beginning ^- '**■ 

Eiperiment to ahow ondosmoBe. 

to rise out of the ball mto the neck : 

whsn once the mixture has h^pin, it continues with great 

rapidity, and soon the contents of the fymnel ^'i^^. %%'^ ^ i^iys^'b 
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the level of the water outside, and eventually flow out of the 
neck at the top. 

To return to our plant. You remember the thin fibrils of 
the roots which you looked at under the microscope. Quite at 
the end, these are furnished with a hard sort of sheath to enable 
them to pierce the soil without injury ; but the rest of their 
length (and especially the part near the tip) is formed of young 
elastic cells, with very thin walls. Every cell is filled with a 
liquid considerably thicker than water ; this corresponds to the 
treacle and water in the funnel. Outside the roots in a rainy 
season is abundance of water, which first by falling through the 
air, and then by trickling through the soil, has obtained every- 
thing necessary for the plant's food; this corresponds to the 
water in the decanter. Do you see how this will, by our law of 

osmose, be forced up the plant 1 Fig. 150 repre- 
sents a perfectly simple string of five cells, each 
of which is filled by its own thickish liquid. Cell 
1 is supposed to be resting in a drop of water : 
very soon, as our experiment has taught us, a little 
of its contents will ooze out through its porous 
walls, which will be immediately replaced by a 
greater quantity of the outside water. The con- 
Fig. 150. tents of Cell 1 will then consist of a mixture of its 
string of cells, original contents and water ; this is thinner than 
the liquid of Cell 2, therefore the same thing will take place again, 
and some of the mixture will mount into Cell 2 ; this process will 
be repeated again and again, till some portion of the water from 
the soil has passed into the larger roots, and through them up into 
the stem. It may seem as if even then these wonderfully minute 
cells could have little power for taking in food to form the trunk 
of a mighty tree ; but when you remember (1) that every cell in 
contact with water is constantly taking a little of it in,- and 
sending it up the plant ; (2) the great number of these cells in 
the smallest rootlet ; (3) the enormous quantity of these rootlets 
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in even a small plant — ^you will be able to believe that a sunflower 
has been known to take in the extraordinary quantity of thirty- 
four cubic inches of water in twelve hours. Of course this was 
only under specially favourable circumstances ; for all plants do 
not " drink " equally, nor the same plants equally at all times. 

It may have struck you that as the mixture gets thicker and 
thicker with every cell it passes through, by the time it has gone 
through a few millions there will be no perceptible difference 
between the density of its contents and of the cell above it. This 
is true, but when the mixture has got into the branches that are 
swayed by the wind, this very swaying forces it up, through what 
is called centrifugal force. You may prove this by taking a glass of 
water and waving it backwards and forwards. When the mixture 
gets higher still, the difficulty is removed by the fact that the 
cells of every part of the plant which are exposed to the heat of 
the sun are being partially emptied by evaporation, and the space 
thus made is speedily filled up by the contents of the cells in 
their neighbourhood. It is thus that the water from the earth 
is enticed into the leaves, as they, having the greatest surfEice 
exposed to the air, are the most exposed to evaporation. 

The elements which enter the leaf are oxygen and hydrogen 
in the form of water, with some nitrogen and earthy matters 
from the soil dissolved in it. These are said to constitute crude 
sap. Then the wonderful process of vegetable digestion, or 
assindkUion, begins. The agents in this are the green colouring 
matter of the leaf and the sun's rays. The crude sap is mixed 
with the carbonic-acid gas of the atmosphere, and the superfluity 
of oxygen is separated, and sent back again into the air, and 
thus a mixture is formed called elaborated sap. This is all ready 
to be made into cellulose, and it passes down the plant again, 
being gradually used up in the formation of new cells. 

We have now traced how the water becomes impregnated 
with all the constituents necessary for the food of the plant ; we 
have seen how it enters the plant at the roots, and is gcad\3Alb[ 
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forced up it into the leaves, where it is digested, and sent down 
again ready for use. I have spoken as if the roots were the only 
*' mouths " of the plants, the leaves the only digestive organs ; 
but as a matter of fewst, though they do by far the most of the 
work, the rest of the plant is helping : wherever there are cells 
in contact with moist air, a little water is taken in ; wherever 
there is green colouring matter and sunlight, a little assimilation 
is going on. 

Before leaving this part of the subject, I must say a few 
words about a wonderful self-regulating apparatus possessed by 
the leaves. You know how rapidly evaporation takes place 
when any liquid is exposed to air and heat — ^how soon, if you 
put a saucer with a little water in it in the sunshine, the saucer 
wiU be left dry. Unless some special provision were made, 
every leaf of a tree would be like a saucer with a bit of bladder 
tied over the top, and you can fancy the enormous amount of 
evaporation that would then take place. It is of extreme im- 
portance that the water should be speedily passed off, because, 
say a certain quantity of nitrogen is needed, very likely gallons 
of water must be taken in, sent up, and drained off through the 
leaves and stem, before enough has been obtained. But it is 
also important that this evaporation should not always go on at 
the same rate. When the air is damp and the earth saturated with 
water, it cannot go on too fast ; but when the earth is dry, at 
which time it is likely that the sun will have special power, there is 

great danger of the precious leaves being 
_ withered up and dying. To prevent 

^Tcy Q O O O *^' ^^'^ upper surface is provided 
Piff 151 ^^*^ ^®^y compactly-packed cells to 

Upper cells of leaf {TMi^ifieci). keep in the moisture (fig. 151), and the 
under surface with what I have called the "self-regulating 
apparatus." This consists of a number of crescent-shaped holes 
in the skin (fig. 152). These are open to the air, and as they are 
situated dose to the spaces between the cells, it is by them that 
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Pig. 152. 
Stomata of leaf (magnified). 



the air and the carbonic acid enter the leal When the air is 

moist, and therefore the plant can 

afiford to part with some portion 

of its water, these little holes — 

or stomata, as they are called — are 

open (os), and evaporation takes 

place rapidly through them. 

When the air is dry, the stomata 

are the £rst parts of the plant 

which become slightly shrivelled, and thereby tightly closed 

(cs). The number of stomata varies in different plants from 

hundreds, to hundreds of thousands on the square inch of the 

under surface of the leaf. As a rule, this is the only part of 

the plant where they occur; but water-lilies, and all plants with 

floating leaves, have them on their upper surface— cactuses have 

them in their fat succulent stems. 

In the next chapter I shall hope to say a little about the dif- 
ferent ways in which the elaborated sap comes down in the two 
great classes of plants, and how, in some plants, it is stored up 
for future use, and then we will leave the internal structure 
altogether, and examine more flowers to see how we can make 
practical use of the knowledge of their structure which we have 
obtained, for the purpose of recognising and classifying them. 
The structural work we have lately been doing has, I fear, been 
rather dull ; but I shall be quite content if it has helped you to 
realise even faintly the wonderful order established in the world 
— ^how the mineral kingdom fumishee the elements for animal 
life ; how the vegetables ^re^are these, and then how the animals 
use them, and give back as refuse fresh food for the vegetables, 
to be separated, purified, partly returned to the mineral kingdom, 
partly worked up into fresh food. 



CHAPTER X. 

ON WOOD, STEMS, AND ROOTS. 

SPECIMENS wanted — Piece of lilac or dder stem of one 
year's growth. ; ditto of two years* growth ; piece of spurge 
stem ; thin sections from various sorts of wood ; a bit of cane; 
honeysuckle or Jiop-stem ; crocus plant ; any bulb ; various sorts 
of roots. 

We have seen how the food of plants is principally taken in, 
either in a liquid or gaseous state ; how the crude sap mounts 
up the stem till it reaches the leaves, and how when there it is 
combined with the carbon from the carbonic-acid gas in the im- 
pure air, and thus becomes elaborated sap, i,e. a material fit for 
being used by the plant for the formation of new cells, etc. 

So far we could speak generally, for all plants have much the 
same way of feeding. Dicotyledon and monocotyledon and even 
the higher acotyledons {i.e, plants without proper flowers or seeds, 
as mosses and ferns), all imbibe by their leaves and roots, and 
their crude sap mounts up the stem into the leaves, taking advan- 
tage of every soft- walled cell or bit of young wood that it can find. 
But the route of the descending and elaborated sap, and the whole 
internal growth of the stem, differs in the three great classes of 
plants. This is seen by examining sections of woody stems. 

We are all familiar with the look of an oak or fir trunk, with 
its age marked by rings, and its pretty shining sort of cross-grain. 
These, as well as all other English trees, belong to the Dicoty- 
ledon class ; and if you are able to get a sKce of wood from a 
monocotyledon, as a bamboo cane, sugar cane, or butcher's broom, 
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you will be instantly struck with the difference : for you will 
see no rings, no cross-grain, nothing but a mass of cells, with 
bundles of vessels and woody fibre dotted about apparently at 
hap-hazard. The whole look of monocotyledonous trees too is 
very different from those to which we are accustomed. They 
have generally long, straight trunks, with a mass of leaves quite 
at the top. Englishmen complain greatly of the monotony of 
the forests in the tropical climates, where the trees are nearly 
all monocotyledons, and every one exactly like its neighbour, 
and long for the rest to the eye of our many-branched oaks and 
elms, where every tree seems to throw out its boughs with an 
individuality of its own, subject of course to the general rules of 
branch-arrangement of its species. 

Dicotyledons, — Now take a bit of any common tree of one 
yearns growth, as a new shoot of an elder or lilac tree, and see 
what you can make out about it. You will find 
(fig. 153) that it is divided into three parts, viz. 
the pith in the centre, p, then a harder white 
part which we call the wood, to, and then the 
covering. This consists of the inner or fibrous 
bark, imh, and the outer bark, ontb, which is 
made up of a sheath of green cells, and an outer 
layer which gives the wood its peculiar tint. The whole is 
covered with a thin skin like a leaf. 

We will now examine a piece of wood of two years* growth. 

You will get this from the same tree from 
which you cut your one year's wood by 
making a section of the branch below the 
node from which your twig grew. 

Fig. 164 shows what you must try to 
see. First, there is the pith in the centre, p, 
then the ring of wood immediately sur- 
rounding it, w (1), which, however, will be 
whiter and harder-looking than in the younger stem ; outside 




Fig. 153. 

Section of lilac- 

Btem, one year 

old (enlarged). 







Fig. 164. 
Section of lilac-Btem, two 
yean* growth {miJargeS). 
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« 
this there will be another ring of wood, w (2), and then a thicker 

lim of bark than in yonr one year's stem. The rings of this are 

not easy to distinguish, but if a thin slice of wood is cut and 

held up to the light, it is sometimes possible to see the difference 

between the in,h, (2) and in.h, (1) of our figure. 

Thus you see two new rings have been formed in the course 
of the year, an outermost ring of wood and an innermost ring of 
bark. This proves that the growing place of the wood is between 
the woody and the bark rings. This growing place is called the 
eamUum layer (gp). It is hardly distinguishable even with 
a strong microscope, and then only as a number of young, often 
half-formed cells. The strong line therefore with which it is 
marked in our figure is quite imaginary. This cambium layer 
continues quiescent during great part of the year, but in the 
spring and summer the enlargement and separation of cells, 
which we call growth, takes place. The innermost of the cells 
separate into new cells towards the centre of the stem ; these 
eventually become woody fibre, and form the new ring of wood; 
the outermost cells grow towards the circumference, become long 
and stringy, and form the new ring of inner bark. 

"But," you will say, "how do the cambium cells get the 
elaborated sap necessary for this enlargement and subdi- 
vision ? " 

Let us suppose we have a stem one year old : the roots have 
sucked in the water and its contents ; the stem has used its 
thousand pumping-machines for sending it up to the leaves ; and 
the leaves have set their wonderful little stomata to work, and 
with the help of the sun have turned it into building-material 
ready for use. This cannot remain in the leaves crowding up 
the cells which are wanted for fresh work, and it naturally goes 
down the stem by those cells which, being youngest, are the 
easiest to pass through. These are the cambium cells, and thus 
they are provided with what they want — material for forming 
into new cells. So it is that the elaborated sap is used up in 
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its way down. Every leaf and every bit of green stalk sends 
its contribution to the grand supply. 

We have hitherto spoken as if the stem were made up of a series 
of continuous rings, but this is not quite true, for if you examine 
a thin slice of the stem of almost any dicotyledon through a mi- 
croscope, you will see a number of rays coming out from the pith 
and pointing to the circumference. 
Fig. 155 represents a section of an 
apple-tree of one year old, consider- ^nt,l — | 
ably magnified. Tou see in it a 
large quantity of pith formed of 
loose cells, which entirely break „ ,, ' ?^- 1^^- ^ 

' '' Section of apple-tree stem 

away and leave a hollow space in (magnified). 

the centre ; from a rim roimd this pith (ms) rays branch out 
looking somewhat like the spokes of a wheel. These rays point 
towards the circumference, and divide the woody fibre into a 
number of thin wedges with their poiuts turned inwards. They 
are made of pith, i.e. there are only cells in their formation, so 
that they are easily compressible. Possibly you already guess 
their use, at any rate you will see what it is presently. These 
lays are much more clearly seen in some sorts of wood than in 

others. In the stem of the clematis, for instance, 
J, or of the spurge (Bg. 156), Ifliey are plainly visible 

with the naked eye. The shiny sort of cross- 
Pig. 166. grauij 0^ which we spoke just now, and which is 
Section of spui^e. more or less to be seen in all dicotyledonous 
wood, is due to them. 

Now let us take our dicotyledonous tree on to its third 
year. A fresh ring of woody fibre is formed inside the cam- 
bium layer, a fresh ring of inner fibrous bark outside. Of 
course, as the stem gets larger every year, the woody fibre of the 
earlier years cannot help being squeezed a little inwards, and 
so the pith gradually disappears. In an old stem you will find 
no pith : and now you see one use of the pith rays \ i£ i\jL<^^^ 
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woody rings were complete, they could not be squeezed in, but 
the space between the wedges being cellular, and therefore able 
to be compressed, the wood of earlier years allows itself to be 
driven inwards. Still the space is not unlimited, and as year 
by year the new rings of wood are added, the older rings get 
harder and more tightly packed, and are called ^ear^-wood ; 
they are no longer porous, and the sap ceases to pass up through 
them ; oil the other hand, the new rings are called sap-vrood, 
and they form the channel of communication for the watery sap 
to mount from the roots to the leaves. With the growth of the 
wood, a corresponding but thinner growth is formed of inner 
bark, which is very tough, as you may prove for yourselves by 
peeling any young branch. This toughness is much greater in 
some plants than in others ; thus it is £rom the inner bark of 
flax that we get our linen, irom, the inner bark of hemp that 
we get our ropes. Of course the bark must be very much 
stretched, as year by year the wood inside grows in diameter, 
and this fibrous inner bark will stand a considerable amount 
of stretching, but the outer bark is of very different con- 
sistency, and after a few years its thin lining disappears, the 
branch ceases to be green, and has a tight appearance, like 
a person whose clothes are too small for him. After a while 
the outer bark cracks all over, and although the skin heals 
outside (just as when you cut your finger the outer skin heals, 
but the scar is left), yet if you look at the many rifts and 
cracks in the bark of an old tree, you will see traces of the 
constant splitting caused by the enlargement inside. 

The outer bark of some trees is of much larger growth than 
in others ; for instance, the cork-tree, a kind of oak, has such a 
thick layer of cork in its outer bark that we are able to get our 
corks from it. 

Tou see from this ringed manner of growth that if a mark 
be made in any dicotyledonous tree deeper than the cambium 
Jajrer, as new rings of wood are formed the mark will gradually 
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be boried in the tree ; and thus it is that arrow-heads broken 
off in the stem of a tree, or the names of lovers carved when it 
was in its growth, have come to light when the tree was cut 
down and sawn np hnndreds of years afterwards, and all that 
we can guess of the story of the lovers is the time when they 
lived, which is told us by the numbers of rings of wood which 
the tree has made. 

Most wonderful things some trees thus tell us of their 
age ; the Wellingtonia, for instance — that noble tree, which we 
know only in its youth as lately imported into our parks and 
gardens — ^is proved by its rings in its native haimts on the 
shores or in the mountains of California to be the oldest living 
thing upon the earth. Ages and ages have passed away — 
Britons, Eomans, Saxons, Normans, English, have ruled in 
this island — and yet these self-same trees are growing in the 
self-same spot where they were growing when our Lord was 
living on the earth, and where they were fifteen centuries before 
Columbus found out the continent on which they grow. 

It is gloomy to think that these mighty things are fast 
dying out ; few young ones appear to flourish in the old forest, 
and the greed of man is fast cutting down the noblest of the 
old race for the money which their wood will produce. Had 
ju)t the hand of man transported some young plants to Europe, 
the whole race might have soon become extinct, like the mam- 
moth or the Irish elk. 

We said in our last chapter (p. 154) that vessels as well as 
cells were to be found in the stems of plants. Now is the 
time to examine into this, and I think you will be surprised to 
see the wonderful lace- work that the various sorts of cells and 
vessels combine to form. Tou should put thin slices of first 
one plant, then another, under your magnifying glass. A 
strong power is not needed, and the only difficulty is to cut 
the slices thin enough; this, however, is not really hard to 
manage if you take a very sharp knife, oiLd oi^^ \!r^ ^^^^sc^% 
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stems of abont a year old. It is very pretty to dee the indi- 
yiduality of the special sort of plant appearing in minute 
differences in its internal structure. Of course in slices across 
the stem, you only get the ends of the cells^ vessels, etc., and 
for examining them carefully, you must make longitudinal 
sections. 

We will now go through, in a general sort of way, what you 
may expect to find in the different parts of your stem. 

Pith, — This is found in the centre of young stems, and is 
made up of large, loosely-packed cells (see fig. 165). Some- 
times small lumps are visible in them ; these are the cell- 
contents, deposited by the ascending fluid, which in the spring- 
time makes the pith of a growing plant all bright and glistening 
like silver lace. 

The cells of the Medullary {medulla, pith) rays are much 
more tightly packed than those of the centre pith. Neverthe- 
less in some young plant, as the clematis, you can see that they 
are really similar. While the plant is young, these thin- 
walled cells are the highways of communication between the 
pith and the outer parts of the stem. Afterwards, as you have 
seen, the wood becomes more tightly packed, and they are 
pressed out of existence, leaving oioly a slender silver line to 
show where they have been. 

Medullary Sheath, — ^This name is given to a slender ring of 
spiral vessels, generally found immediately outside the pith. 
Tou will remember (p. 154) that vessels may be considered as 
formed of several cells, whose partition-walls have broken 
away. The vessels of which we are speaking gain the greater 
consistency needed from their larger size by a spirally arranged 
deposit of lignine on their inner surface. Fig. 157 is drawn 
£rom the seed of a small annual (Collomia grandiflora). It has 
been prepared and set up in a peculiar way, and is highly mag- 
nified. Tou will notice that in one spiral vessel only (a) the 
vessel walla remain ; in the others, the spiral markings alone 
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are left, and even tlieBe, in the case of &, aie mncli polled ont of 

shape. This ligmne, which formg 

the bulk of aU wood, is made 

of the same constituent as OTdinaiy 

cellnloee, but differs from it in 

baring a rather larger proportion 

of carbon and hjdrogen, and is 

therefore harder ; also, " according 

to some authoTs, it is impregnated 

by foreign subetances, gradually 

infused from the fluid contents." " 

You will be able to find these spiral 

Teseels with the help of a micro- 
scope; and Professor Gray says, Bpii«ivBBBaii(*iff«Kmv»y«0. 

" They may be detected by hreakii^ a woody twig in two, after 

dividing the baik and most of the wood by a circular incision, 

and then pulling the ends gently aaunder, when their spirally 
coiled fibres are readily drawn out as gos- 
samer threads." + 

Wood. — This is made up of long, thin 
cells or fibre, pointed at the ends, and so 
arranged as to offer the greatest possible 
resistance to pressure (fig. 158, wf). Their 
, walls are formed of lignine, and gradually 
become so thick that in old wood hardly 
any remains of the hollow cell is to be found. 
There are vessels scattered about among the 
woody fibre. The commonest iind in dico- 
tyledons are the dotted vessels (fig. 158), 
as they are called from the manner in 
which their l^nine deposit is arranged. 

Tessels are easily recognised by their lai^ size, and you will find 

• Henfrey's Elementary Conrae of Botany, p. 486. 
+ Oray'aStmctiiraliind8yatomatiiiBQtaii3,"e.'V\%. 
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it very interesting to discover for yourselves the different sorts, 
and to trace the different ways in which they are arranged in 
the woody fibre. At first they seem to come anywhere by chanoe, 
but after looking at and comparing many stems, a sort of order 
grows out of the confusion, which you find to be characteristic 
of some special sort of plant. 

Camhium region, — ^We have spoken of this before. It is 
made up of young, half-formed cells, and can only be seen, even 
with the microscope, at certain times of the year. Its place in 
the stem, however, is clearly indicated by the ease with which 
you can peel any twig, since the division between the wood and 
the barks is due to these cambium cells. 

Inner Bark. — This, like the wood, continues to increase 
through the whole life of the tree. Sometimes each year's 
growth can be traced in it as plainly as in the wood, but oftener 
one can only make out a gradual thickening of the layer. The 
tissue peculiar to this part of the stem is made up of liber or 
hast cells. These somewhat resemble the wood cells mentioned 
above, but they are much longer and more flexible. In fig. 155 
{Ic) you may see one that has got loose and is straggling away 
from its brethren. 

Outer Bark, — ^We said this was made up of two layers, a 
green and a corky one. The green layer cannot long continue, 
for, as you doubtless remember, light is necessary to all green- 
ness in plants. As soon, therefore, as the corky part is thick 
enough effectually to exclude light, the green layer disappears. 
The cork-bark is composed of thin- walled cells, which only con- 
tain air. Their surface is very rough and uneven (see fig. 155); 
and just as the arrangement of the inner bark is fitted for 
toughness and elasticity, so this seems formed on purpose to 
break away easily as soon as the stem is able to get on without 
its covering. 

Tlus short explanation of dicotyledon stems, though rather 
useless if Bunplj ready will, I hope, be enough to enable you to 
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anderstand and enjoy the examination of them with which it is 
^ meant to he accompanied. We will now leave them^ and turn 
^^^ to their less regularly arranged relations. 

Monocotyledons, — You may have some difficulty in picking 
for yourselves a stem of this growth, hut if you invest in a half- 
penny cane from any toy shop you will find that a section of it 
will answer our purpose admirahly. You will look in vain for 
pith, or rings of wood, or even proper hark ; and if you put your 
section under a magnifying-glass you will find that the whole 
stem is composed of a mass of cellular tissue, with vessels scat- 
tered here and there ahout it without any apparent order in their 
arrangement. Bound each of these sets of vessels woody and 
liber cells are arranged. Fig. 148, p. 154, shows one bundle taken 
from a magnified section of sugar-cane. In every bundle, as it is 
called, are aU the constituents which we found in the interior of 
oar dicotyledonous stem. There are the vessels, often reticulated 
(t.6. with the lignine deposit arranged so as to form a criss-cross on 
the sides), the closely-packed wood and liber cells, and the cellular 
tissue immediately surrounding these, takes the place of the 
cambium region, and has the same power of increasing and 
dividing whenever the cells are provided with sufficient material 
But the hark which we have been examining in our lilac and 
apple is here entirely wanting. The tree is covered with a rind, 
which is inseparable from the rest of the stem, and differs from 
it mainly by reason of its greater hardness. 

You may notice in your cane that the cells are rather loosely 
packed in the centre, but that towards the circumference they 
are more compressed, and there are more bundles of vascular and 
woody tissue. If you are able to get a young growing mono- 
cotyledon this difference will be stUl more plainly marked, and 
you will also observe how large a one or two years' stem is in 
proportion to a dicotyledon of the same age. 

The manner of growth of the two sorts of trees will account 
for ibis. Dicotyledons are often called JEJxogens^ oi: cvw^vL^ 
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growers, because they begin by being small, and gradually en- 
'large outside, having therefore their oldest, hardest wood inside ; 
and we have seen the special provisions for their growth in their 
elastic inner and brittle outer barL Monocotyledons, on the 
contrary, are called Endogena, or inside growers. In them the 
rind gets hard after a few years, and incapable of further dis- 
tention. The growth of this wood is therefore limited ; it is like 
a growing person who cannot hope to get a new suit of clothes, 
and so has the foresight to get one made which will allow for 
many years' growth. At first there are only a few bundles of 
woody fibre in a large mass of cells ; year by year every new leaf 
that is formed sends down some elaborated sap, and a fresh 
bundle is formed, at first in the heart of the stem, and then, as 
it finds the middle places already engaged, bending outwards tUl 
it reaches the rind, which it adheres to and tends to make harder 
and stronger. 

If we compare a lofty palm-tree crowned at the top with a 
simple cluster of foliage, and a spreading oak with its branches 
stretching down on this side and on that, we se^ how well adapted 
the mode of growth of each is to its wood. The palm-stem bears 
comparatively little weight ; what weight there is acts straight 
down the stem, and as there are no branches the strain on the 
stem is the same at bottom as at top ; hence there is no necessity 
for it to be thicker at the base than at the top. 

But the oak has its weight diversely distributed with its side 
branches, and the strain of wind or of weight acts more on the 
lower part of the stem, which carries all the branches, than on 
the higher, which supports only a few ; hence the lower stem 
is required to be stronger than the higher ; and that it must be 
so is clear from its mode of growth, unless the old wood has 
begun to get rotten, and then indeed the time for the noble 
fabric's fall is near at hand ; the wind comes, and as the lower 
part of the tree can no longer do its duty, the crash follows. 

The roots, too, it may be noticed, not only act as mouths, as 
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we have seen (p. 156), but afterwards as holdfasts ; and there id 
a remarkable adaptation to the needs of the tree in the main 
root and widely-spreading root-branches of a dicotyledon, and 
in the almost parallel comparatively unbranched roots of a 
monocotyledon. 

Acotyledons. — ^We must say a few words about the growth of 
these plants before leaving this part of the subject, though, as 
acotyledons are plants without proper flowers or seeds, the study 
of them is hardly comprised in that of ordinary botany. The 
highest sort of acotyledon must be looked for in the magnificent 
tree-ferns of tropical regions; the lower we have constantly 
around us in the troublesome forms of mould (as bread mould, 
cheese mould, etc.) and mildew. The very lowest sorts of acoty- 
ledons are plants formed of a single cell, and are only visible 
with the microscope ; the various sorts of mould are formed of 
a string of cells, and all mosses, sea-weeds, etc., are simply 
cellular structure wonderfully arranged to look like perfect trees 
or herbs in miniature. In some club-mosses (which are not really 
mosses at all), ferns, and some other plants of this class, we find 
vascular and woody tissue, in which, however, no special arrange- 
ment can be traced. As dicotyledons are called outside and 
monocotyledons inside growers, so acotyledons have received the 
name of acrogens or point growers, because, instead of constantly 
increasing in length and thickness all along the stem as their 
brethren do, they increase from the point only, i.e. they grow 
from node to node, and then, as it were, begin again. This may 
be well seen in the mare's tails (Equisetacese), where each plant 
looks like a number of small plants somewhat insecurely fastened 
together at the nodes. 

Stems. — ^We now know something of the internal growth of 
stems, and will consider their external growth, and the reasons 
of some of the extraordinary modifications which they undergo. 

Hitherto we have thought of them only as hi^hiQad&<^l<^\si.- 
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munication between the roots and the leaves. This is their most 
constant and obvious use, but there is another, on which this is 
to a certain extent dependent, for it would be of no use for the 
stems to pump up the crude sap to the leaves, i^ when it got 
there, the leaves were unable to perform the necessary assimilat- 
ing process for want of light. As you will see, this fact is never 
lost sight of in the formation and habit of the stem. Consider 
that leaves require the greatest possible amount of light and air, 
aud then look round any thickly growing wood, and you cannot 
fail to be struck with the beautiful adaptations of the different 
plants for gaining the desired end. 

Erect Stems. — ^The fir trees with their strong erec^ trunks 
carry their boughs far away from all intruders, and hold their 
leaves free to the sun aud winds of heaven. 

Spines. — The hawthorn generally grows in a thick hedge, so 
it throws out a leafy twig here and there as opportunity serves, 
and when there is nojchance of light coming to the leaves does 
not waste its strength in producing them, but turns its branches 




Fig. 159. Branch spines of hawthorn. 



into thorns (or ^nes as they are botanically called), which serve 
as a protection against browsing animals (see Ag. 159). 

Climbing Stems. — ^The honeysuckle and hop, and other tbin- 
stemmed plants^ are in danger of being choked in the struggle for 
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existence, so they give up their independence, and use their 
neighboni's strength for their help instead of letting it prove 
their destraction, and Bccaidii^lf we see them twining here and 
there, wherever they see a stem that will serve theii purpoae, 
and BO thej too get up, and gain the needful son and air for 
their piecions leaves. 

Mr. Darwin has given a most interesting acconnt of how this 
climbing process is performed. He got a yonng hop plant, put 
it in a pot, and watched it carefully for a long time. He says its 
proceedings can best be described as a constant bowing round in a 
circle, feeling for something round which to twine : thus, when- 
ever we find a stem twisted like a corkscrew, we may know that 
the plant has "felt" in vain for a support round which to revolve. 

Branch Cliniberg. — Other plants again do not climb by their 
main-stems, but turn some of their side branches into flexible 
tendrils, and climb by them. The vine (fig. 160) is a good ex- 




ample of this sort of climber. Evidently all these plants have 
an advantage over their more stalwart brethren, as they expend 
very little material on stem-building, and so have the more for 
the produce of their leaves, flowers, etc. Thus moat climbers, 
as the white convolvulus and hop, are lemarkable for their 
luxuriant foliage ; but they, in common with all other dependent 
natures, have the counterbalancing disadvantage of being able to 
get on very badly without their helpers. Take away the sup- 
port &am a climber, and though it struggles on^ oo. &% ^:^Tm&, 
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soon its leaves become dull-looking, and the wliole plant has an 
unhealthy appearance. 

Runners. — Some plants with long thin stems do, however, 
manage to lead an independent life. The strawberry is a good 
example of this. The first year it is simply a tuft of radicle 
leaves, with short flower-stalks ; then it sends out a long tough- 
looking shoot, which runs upon the ground till it is clear of the 
large overshadowing leaves of the parent plant, when it sends out 
roots, forms a new plant, and has the same chance of air and sun 
that its parent had a year ago. 

Underground Stems. — Now we will leave our ordinary stems, 
and turn to those which relinquish all air and light for them- 
selves, and burrow underground for the good of the plant to 
which they belong. We all know the troublesome suckers 
which come up at short distances from the root of standard rose 
trees. They evidently are branches of the old brier stock on 
which the standard is grafted, and branches cannot grow from 
roots. They must therefore be attached to the old plant by an 
underground stem, and if you have the patience to dig deep enough 
you will And that this is the case. Many plants, as grasses, 
English ferns, irises, etc., have no above-ground stem at all; others 
again, as the rose, have both upper and underground stems. The 
botanical name for ordinary underground stems is root-stock or 
rhizome. 

Tubers. — Some stems have a third extraordinary use, besides 
the two ordinary ones of serving as highroads of communication, 
and frameworks of leaves, and turn into storehouses of spare 
building-materials. Starch and sugar are made up of the very 
same elements as the cell- walls of plants ; it is quite true that 
some chemical action will be necessary before the starch or sugar 
can become proper building material for cells ; but such a change 
is no more than happened in the young bean, when its seed- 
leaves were gradually deprived of their starch, and the starch 
itse^ built up into roots and leaves. Many plants in the grown- 
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np state have similar TeaerreB' of food : thus the potato has a 
stem growing nndeiground, vhich swells out into knobs at 
intervals ; these knobs or fibers are the part of the plant 
vhich we eat That they belong to the stem, and not to the 
toot, is poved by the eyes, which, aa we know, will send out 
shoots and leaves ; a tme root would not do this. The whole 
of the potato-tuber ia made np of cella, each cell containing 
severtd little grains of starch ; here then is a mass of material 
teady for the plant when it wants it If yon have never tried 
it, it vrill be worth while to put a potato away in a dark cap- 
board, and look at it after a few weeks. The eyes will be seen 
to have grown enormously ; the leaves will be white, for the 
green colour only comes to leaves in snnlight ; and where has 
the material for the new growth come fiom ) clearly not ftom 
the earth, for the potato is not planted ; nor &om the air, 
for withoat greenness nothing but air, or possibly watery vapour 
conld enter through the atmosphere ; evidently, then, it must 
have been manu&ctnied out of the original potato, which 
accordingly you will see shrunken and dried up. 

Corm. — ^The crocus shows us another stem used as a atore- 
honse. Dig one up from any 
garden (fig. 161), and yon will see ^ i 

that the base of the stem forms a 1 1 1 

hard mass, called by botanists a ^ JU 

corm, from eormus a solid bulb. JElIJL ^ 

Look at it carefully, for it tells a tK^ if/ 

cnrioua story of its manner of life; ^ ^.-.i^^K^^gg-^jC^-.^' ■ 
the corm planted, let us suppose, )\ f^^nR^ 

in October, will be seen to have V 1 \ (nX ^\ 

given rise to a young shoot im- ) ' ' ) N 

mediately above it: this shoot 

' Fig. Ifll. Conoofciocna. 

has sent up leaves, and possibly 

flowers. The young shoot is already showii^ a ahape like its 

father's, by thickening at its base. But while the aon-cona (&^ 
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161, >S) is sending up leaves, and stoiing up material, what is 
happening to the father (F) ? he is gradually being eaten up by 
his family ; not only is the eldest son immediately above him 
suckiug food out of him, but several younger ones may often be 
seen growing at the side, which at the season's end will break off 
into independent conns ready for a future year's flowering period; 
and does not the father bulb deserve to be eaten up 1 for has he 
not last year devoured his own father ] in fact, vpry possibly you 
may see the scaly remains of the grandfather {€/) still adherent to 
the base of the father. Of course, as there are leaves and flbrous 
roots, much of the nutriment of the flowering plant comes fix)m 
outside ; but the use of the conn is to hurry on the growth of 
the young shoot by supplying it with building-material ready 
assimilated. 

Bulb, — Now look at a hyacinth, or onion, the last of the 
vegetable storehouses which we will examine. Here the leaves 
as well as the stem are to be seen, as a bulb differs from an ordi- 
nary stem, chiefly in having neither branches nor intemodes, and 
in the swelling of the stem and leaves, both of which are fattened 
by the ready prepared nourishment contained in them. 

StLCCulerd Stem, — Another use of the stem is as a cistern for 
water; some plants are obliged, by the climate in which they live, 
to get on, with only supplies of water at long intervals ; hence, 
like camels, they must take in water whUe they can. Cactuses 
are examples of such plants ; in them there is a large stem capable 
of holding a great deal of moisture, and offering little surface to 
the drying rays of the sun — ^a surface very small compared with 
the surfaces which the leaves of a plant usually expose to them ; 
in some species the surface is the smallest mathematically pos- 
sible in proportion to the cubic contents of the plant ; and what 
are the cactus leaves doing meanwhile ? they are not leaves at all, 
but are merely prickly mid-ribs ; weapons of defence to prevent 
the plants from being browsed upon. 

"But/* you will say, "how can the assimilation processes 
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be managed in these leafless plants ? ** The reply to this is 
that the whole habit of the plant is sluggish ; it grows slowly 
(how slowly, no one will realise unless he has kept cactuses), 
and therefore needs but little food, and that little is digested by 
the green stem in which stomata may be found, and which 
therefore both assimilate and transpire. 

Boots. — "Now we will leave our stems, and pass on to roots. 
You will perhaps be surprised to h^ar that it is in some cases 
very hard to distinguish between these two parts of a plant. 
The ordinary unbotanical distinction is that a stem grows above 
ground, while a root burrows in the earth. But the potato,, 
bulb, etc., have taught us that this is not always true. The 
most obvious distinction is that whHe stems bear buds and leaves, 
roots bear nothing but smaller roots ; and this is true as far as it 
goes, but it is not enough to enable one always to know the two 
apart, since stems, when laid upon the ground, often produce 
roots, as we have seen in the strawberry plant. An examination 
of the internal structure will not help us, for if we cut through 
the main root of a dicotyledon (monocotyledons, you may remem- 
ber, have no main root, p. 147), we And that it is merely a con- 
tumation of the stem, having the same rings of wood, etc. 

A moment's thought shows us this is quite natural, — ^that, 
in &ct, stems and roots ought to be alike ; for their purposes 
are very similar; they both are highroads of communication, 
and tiiey both are frameworks — ^the former of branches and 
leaves, the latter of roots and rootlets. But their business as 
frameworks leads us to a real distinction : we saw that the 
stems not only had to bear their branches and leaves, they also 
liad to carry them to places suitable for performing their special 
fimctions. K"ow the rootlets, which alone have the power of 
absorption, need very different places from the branches : air and 
light are of no use to them ; all they want is to burrow in 
seaich of moisture^ and of ammonia formed by dec&^%xs^a^^jst\ 

N 
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and tlie larger roots, which answer to the branches above gronnd, 
have to grow so as to enable them to do this. Therefore, as 
it is the nature of moisture to sink, so roots grow dovm^ while 
stems as a rule grow vp. 

Also stems (except among the acrogens) grow along their 
whole length, gradually thickening as time goes on. Hoots grow 
only at one point, a short distance firom their tip. The very 
tip is formed of older harder cells, which act like a liiimble, and 
protect the tender young oiies immediately behind them. These 
young cells are furnished with elaborated sap, which is probably 
passed down from the low leaves on the plant ; and, like the 
cambium cells of the stem, they increase by division. 

The reason of tlus different manner of growth in stems and 
roots is obvious. Strength is a necessity to the stem, and bulk 
no disadvantage ; to the roots, on the contrary, slendemess is the 
main thing to be desired, for how otherwise could they twist 
their way between stones into moist comers, always protected in 
their pushing life by the thimble at their tip 1 

The fourth difference which we will notice is that stems send 
out their branches, and branches their leaves, according to a fixed 
arrangement. This plan would not do at all for the roots. They 
send out their roots and rootlets wherever there is room for them 
to grow, and moisture for them to absorb. If you look at any 
growing root through a glass, you will see that its absorbing 
surface is much increased by the delicate root-hairs or fibrils. 
These are the outer tender cells of the root prolonged into hairs, 
and they, as well as all the cells round them, are busily employed 
in sucking in sustenance for the plant. 

The plant needs most food at its growing time, that is, in 
early summer when the leaves are exhaling quickly, and the de- 
scending sap is being used up to form new branches. At this 
time the roots are obliged to work hard, or the plant would 
starve; accordingly they spread and increase, and constantly 
renew their deUcate absorbing parts. This is the time at which 
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it is most dangerous to move plants, for not only are the roots 
in their tenderest state, but their due working is also of the 
greatest importance to the plant K you move a plant at this 
time, you must try by copious watering to induce the leaves to 
do double work and drink in enough to keep the plant alive, 
but you will probably fail, and your plant will die of starvation 
before the roots have found their way about the new soil In 
the autumn, on the contrary, the plant has ceased to grow, and 
the roots are resting after their hard spring work, and at this 
time they may generally be transplanted with safety. 

Taproot — ^We will now examine the different kinds of roots, 
keeping in mind their purpose. Taproot is the botanical name 
for what we have hitherto called the main root ; it is the direct 
downward prolongation of the radicle (see fig. 145, mr, p. 145). 

Fibrous Roots. — Fibrous or thread-like roots are common to 
all monocotyledons, which of course cannot have a taproot (see 
fig. 146, p. 146). All annual or one-year dicotyledons have these 
roots also, branching out in a mass fix)m the main root. Can you 
guess the reason of this ? The plant has but one year to live, it 
must therefore send out its leaves and flowers with all haste, or 
there will not be time for its precious seeds to ripen before the 
fiK)8t8 come and end all its chances. Katurally, then, its roots are 
thin and scattered, and have the greatest amount of absorbing 
sor&ce possible, for immediate food is their one desideratum. 

Tuberous Boots, — For some roots, however, more than this 
is necessary. If you look at a dahlia or beetroot, you wiU 
find that it completely dies down in the wiater, but sends 
up a mass of new leaves early in the spring. How does it live, 
and where does the food for the new leaves come from ? Ordi- 
naiy roots might suck it in in its crude state, but how could they 
get it elaborated without the help of leaves or green stem ? and 
without elaborated sap, as you know, no growth is possible. Dig 
up your beetroot : you will find that its taproot has swollen 
enoimoasly, and turned into a storehouse, where ready elaborated 
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therefore need no assimilative organs of their own. The 
orobanches send their roots down into the roots of the plant 
suck their juices, and come up fat, brown, and unhealthy-looking 
by its side. The dodders twine all over the plant, and are pro- 
vided with little suckers which pierce the skin of the bark, and 
so take from it the sap which is passing down from its leaves. 

Every now and then one finds a plant belonging to a family 
of independent habits, itself become lazy and leading a parasitic 
life. Fig. 162 is an example of a buttercup which had fastened 
itself on to the succulent stem of a water dropwort, and was 
drinking in its life-juices. 



CHAPTEE XL 

ON LEAVES. 

SPECIMENS wanted — All sorts of leaves ; branches of 
barberry, gorse, acacioy and rose ; a plant of sundew ; pieces 
of clematis, sweet-pea, vetch, and Virginian creeper. 

Having examined stems and roots, we now come to the ex- 
panded bits of stems which are called leaves. 

"We have seen that these have three ordinary uses : — 

(1.) They regulate the amount of transpiration, acting thus 
like the skin of an animaL 

(2.) They take in gases through their stomates into the spaces 
between the cells, and there choose by a chemical action which 
elements they shall pass into the plant, and which they shall set 
free. In this they act somewhat like an animal's mouth and 
stomach in one. 

(3.) They absorb moisture, though not so much as the 
roots. 

For these uses certain requisites are indispensable, viz. large- 
ness of surface, thinness of skin, greenness, sufficient length 
either of leaf-stalk or blade to reach up to the sunlight : large- 
ness of surface, because the required actions of transpiration or 
absorption will go on the more rapidly the larger the surface 
exposed ; thinness of skin, because thickness of skin would 
retard these two actions ; greenness of skin, because the chemical 
action by which the elaborated sap is formed will not take place 
except in the parts where the green oily colouring matter is pre- 
sent j and lastly, exposure to sunlight, because without sunlight 
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the green colouring matter is not formed, and therefore the for- 
mation of the proper sap is prevented. 

You must try and bear these requisites in mind, in order 
that you may be able, as you often will be, to see how wonder- 
fully the peculiarities of a leaf of a particular plant are made to 
suit its special needs, which of course vary with the climate and 
locality in which it lives. 

One curious adaptation we may notice at once : in general 
the stomates of a lea^ by which the gases enter, are on the 
under and unexposed sides of the leaf, and not on the upper 
side, and for this reason, that the gas will enter as easily below 
as above, and were the stomates above it would be difficult to 
prevent too great evaporation. From this rule we have the 
beautiful exception of plants with floating leaves. These have 
no chance of being too much dried up by the sun, seeing that 
their under skins are perpetually exposed to the surface of the 
water, and accordingly we find their stomates on the upper side, 
which alone is exposed to the air ; while leaves growing entirely 
below the water have no stomates at alL So again we have 
leaves which, instead of growing in the ordinary way horizontally 
(t.e. with an upper and under side), grow vertically, as a lily of 
the valley leaf (see fig. 21, p. 29). These have both sides 
equally exposed, and the stomates are therefore equally distri- 
buted on its two surfaces. 

In our botanical researches hitherto we have been able to get 
on with few terms and not very many troublesome details. Our 
work has all been of a sort to lead up to and go hand-in-hand 
with the practical business of collecting, and yet none of it has 
been done for the express purpose of learning how to make a 
good collection. Now that we have come to leaves, however, we 
must to a certain extent consider the needs of a collector, for in 
naming plants great attention must be paid to the details of the 
lea^ because the difierences which separate one species or variety 
of plant from another, sometimes depend on the leaves alone. 
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There is no part of Botany so overladen with cumbrous 
terminology as that which relates to leaves. In almost every 
text-book, strings of epithets are given, by which the manner of 
growth, shape, edge, etc., of leaves can be most accurately de- 
scribed ; and in learning these terms in order to be able to use 
the Floras, which tell you the different plants to be found in our 
fields, you will soon be inclined to grumble at the many hard 
names you will meet It will keep you in good humour with 
these details if you try to think for yourself what is the good to 
the plant of this kind of leaf, of that kind of leaf-stalk, or of this 
complicated leaf-arrangement j and in this no less than in the 
more attractive parts of Botany, which have told us of the suita- 
bility of shape of the irregular crowns, and the many adaptations 
for fertilizing and shedding the seeds, will you begin to wonder 
at the lavish variety of contrivance, and the marvellous adapta- 
bility of structure, which meet you at every turn. 

The chief points to be considered in a leaf are eleven in num- 
ber. If you make yourself thoroughly acquainted with these, 
you will have no difficulty in picking up the minuter details from 
any Flora (or collector's book) which you may happen to use. 

1. Where placed ? that is, from what part of the plant is the 
leaf taken, from the branches or from immediately above the 
rooti This statement is absolutely necessary, because many 
plants have leaves growing just above their roots so different 
fix)m the other leaves that you would hardly recognise them as 
coming off the same plant — as, for instance, in the herb Bennett 
(p. 67) ; or again, other plants, like the ivy, have quite different 
leaves on their blossoming branches from those which they have 
on iheii foliage branches. 

2. How arranged ? Leaves may either grow several at a 
node, forming a whorl round the stem, as in the goose-grass and 
woodruff ; or two at a node, opposite, as in the white lamium or 
dead-nettle ; or one at a node, alternate, as in the sedum and 
dog-rose. We noticed some of the more remarkable alternate 
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arrangements in an early chapter (p. 70), when we found the 
leaves to be arranged in a spiral, as may be clearly seen in the 
sedum and dog-rose ; in monocotyledons we commonly find 
the fourth leaf above the first, the fifth above the second, and 
so on ; this is the arrangement of one-third, and by it three 
rows of leaves are formed ; in dicotyledons, the commoner ar- 
rangements are our old friend two-fifbhs, and a more complicated 
one of three-eighths. Now what is the use to the plant of this 
regular arrangement ? Why should not all the three, five, or eight 
leaves of the whorl grow together at the same node, or one above 
the other ] Clearly to prevent one leaf from hiding up the other, 
and thus to allow each to get exposure to the air and sunlight. 

3. How stalked? Here again we have arrangements for 
bringing the leaves out to the light ; see how long the stalks are 
of some of the ivy leaves on a wall ; were it not for their long 
stalks, they would never reach out from under their neighbours, 
and would be deprived of air and light. Yery often on the same 
plant the lower leaves will be stalked^ while the upper leaves 
near the flowers and nearer the light will be sessile (see p. 67), 
or clasping the stem, amplexicaul, as the groundsel, or fneeting 
on the other side, so that the stem seems to grow through them, 
when they are called perfoliate ; or sometimes, as in the upper 
leaves of the French honeysuckle, a pair runs into one, when 
they are said to be connate. In other plants the leaves run 
along the stem, not leaving it till they get higher up than their 
proper place, so reaching the light they want, as in the thistles, 
whose leaves are said to be decurrent, or running down the stem. 
If the leaf has a stalk, we have to settle at what point 
this is joined to the leaf, whether at the base of the 
blade, as in the laurel, the ivy, and most leaves, or whether it 
joins the blade in the middle, and spreads out its fibres like the 
whalebone rays of an umbrella. Now what sort of plants can 
hold up their leaves in this way, "^ittiowt one leaf shutting out 
the light from another % S\iie\y oiA^ «vjlOdl ^^VaxsJsa ^ \iSBi^ 
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sterna creeping along the ground, bo that each leaf can rise np 

in its place, making a series of little one-legged tables all along. 

You have only to look at the garden 

Indian cress (fig. 163), the plant 

which is wrongly called the nastur- 
tium, to se« how suitable this mode 

of leaf- attachment is to a creep- 
ing plant ; or at the wood-aorrel 

with its three leaflets, or at other 

plants which will suggest themselves 

to your mind. Simple leaves like 

the Indian cress are said to he peltate 

— i.e. made like a shield, from the 

idea that each of these leaves is held 

Qp just as a shield was held over his 

head by the Grecian soldier, who 

crouched down beneath it Fig. i«8. 

4. WUh what stipulation I You L»t of indUn c™. 

have already seen, in the case of the herb Bennett (p. 67), what 
ttipules are. These little leaflets are too characteristic of dif- 
ferent families to be neglected ; their presence or their absence 
must be stated ; and, when present, they must be described in 
the same way as an ordinary leaf would be. In some plants, 
where the leaf has been adapted to some extraordinary use, 
the 'stipules play the pari; of real leaf ; as in some species of pea, 
where the leaf is used as a climbing instrument, and the stipules 
become the feeding apparatus. 

6. How vetTtedJ "Whether feather-vrise {pinnately), as the 
fuchsia (see fig. 19, p. 29) ; finger-wise {palmately), as the gera- 
niom, and Indian cress (fig. 163); or with paraUel veins, as 
the lily of the valley (see fig. 21, p. 29), and all mono- 
cotyledons. 

6, How far cutl Whether foinun% s. iwsm^wav4.\^»l,''i&«. 
tieroee(Sg, 164), which, as its cute go ieia'Ai.«i-V\ftft,"is i;;Sii.«&.^ 
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pinnate leaf; or, like the horse-cheatmut (fig. 165), which is 

called a palmate lea^ hecanse the cats go finger-wiee, though 




i. Fig. let. FilmiU leaf of horse-chertnat 

each separate leaflet is piunatel; veiiied. You can always dis- 
tinguieh a compooud leaf by seeing whether 
the leaflets are qnite separate, so that they can 
be detached without tearing their neighbours. 
Leaves are sometimee doubly or trebly com- 
pound, as niMiy ferns, herb Kobert leaves, i.e. 
each of their leaflets ia cut up again into leaf- 
lets. If the leaf is simple, i.e. not cut to tie 
mid-rib, it is often cut for some distance ; as the 
dandelion (fig. 166), the cuttii^ of which gives 
the name to the whole plant, &om its teeth 
bearing a fancied resemblance to those of a 
lion {deiw lamis). When this is the ease, it is 
necessary to express how fiir the catting ex- 
tends, and it would need a small glossary to 
explain all the terms which have been inTent«d 
for this one purpose. 

The simplest plan is to state what fisction 
f the leaf, as one-third, one-fourth, ete., is 

cut Thus, in the case of the dandelion and all feather-veined 
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leaves, you suppose an imaginary line drawn round the leaf, 
which is indicated by the dotted line in fig. 166; then you draw 
a line (A) from the mid-rib to the dotted line through one of 
the deepest cuttings, and see what fraction of this line goes 
through the leaf, and 
what fraction through the 
cutting. In the figure 
before us the cutting is 
rather more than three- 
fourths of the whole line. 
If you want to settle the 




Fig. 167. Outline of palmately-veiiied leaf. 



cutting of a finger-veined 

leaf, as the fig or ivy (fig. 

167), you take the outline 

in the same way, but you 

draw the measuring line 

(A), not firom the mid-rib, 

but from the base of the 

lea^ i.e. from the point whence the ^yq principal veins start. 

Thus we find that our ivy-leaf is cut rather more than one-fifth. 

7. Shape? The shape of the leaf must be given, which is 
judged from the general outline, viz. the dotted lines mentioned 
above. K the leaf is compound, the shape of the leaflets must 
be also given. The different kinds of shape are best learnt by 
practical examination of leaves ; and if you wish to understand the 
various terms used in collecting, I must refer you to the Appendix 
at the end of this book, or to " Bentham's Handbook of the 
British Flora," which is by far the best Flora for your purpose, 
and in the introduction to which you will be able to learn the 
precise sense in which he uses each term. 

8. Edge? "Whether the margiii of the leaf is entire, like 
the ivy, or marked with teeth ; if the latter, with what sort of 
teeth I whether, like those of a saw, like the rose-leaf (s^a 
fig. 16i), when they are called serrate; on TO\JiA<i^0^^*^^^^ ^*^ 
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many geraniums, when they are called erenate (from crena, a 
mediaeval Latin word used in architecture to denote the intervals 
between battlements) ; or with sharp teeth, pointed straight on, 
and having curves between them, as some fuchsias (see fig. 19, 
p. 29), when they are simply called dentate, or toothed. 

9. Point ? Whether the leaf ends bluntly like the Indian 
cress, or has a point like the fuchsia. 

10. Colour ? You must be careful here to notice the colour 
of both the upper and under side, as they are often different. 

11. Hair ? Whether the leaf is smooth, when botanists call 
it glabrous [glaher, smooth), or hairy. Here again both sides 
must be looked at, as the upper surface is often smooth, and the 
under covered with a soft down, as many willows. 

These are the eleven points to 
be considered. We will now de- 
scribe our rose-leaf. (fig. 168) as an 
illustration of how the descriptions 
should run. 

Rose-leaf; growing on the stem, 
arranged in two-fifths, with a short 
Fig. 168. Pinnate leaf of rose. g^^^^ stipules shaped like an arrow- 
head, feather-veined, compounded of five leaflets, each leaflet 
oval in shape, with an edge toothed like a saw, and pointed ; a 
bright green colour above, and beneath a lighter green, bearing 
a few hairs, each with a minute cell at the tip containing a 
sweet-smelling liquid. 

In this short paragraph every one of the eleven questions is 

answered, as you will see by comparing it with them, therefore the 

description of leaves is not such a very lengthy matter after alL 

Now we come to the extraordinary uses to which some 

leaves are applied. We have seen in Chapter VL how the 

floral organs — cup-leaves, crown-leaves, dust-leaves, and pod- 

leaves — ^are all really leaves adap\.ftA.\)OTic^ xjjaea \ now we have to 

see the unexpected functions oftftn. T^edoTcaa^Xs^ i^^^^^^^ss^^^ 
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Leaves as Weapons. — Many a plant turns its usually hannless 
leaves into weapons of defence, as the nettle, which lengthens the 
superficial cells of its leaves, stiffens their tips to make them 
prick, and deposits in each a tiny drop of poison, of the efficacy of 
which all my readers have probably been made painfully aware. 

Other plants have the veins of their leaves hard and pointed, 
as the holly, and it is very curious to notice how, when the tree 
has reached a certain height, and so is safe from its enemies, it 
only produces smooth unprickly leaves. In the barberry some of 
the leaves, instead of having these leaflets, are turned into three 
sharp thorns or spines. In the gorse there are no leaves at all, 
only a mass of soft green points, and in the case of the cactus, 
something of the same sort has happened, as we have seen before. 

Other plants, as the acacia trees of our gardens {Robinia 
psetiddcacia), turn not their leaves but their stipules into thorns. 
Thus it is not enough to say that a plant has spines. We 
must settle whether they are transformed branches (see fig. 159, 
p. 172), or leaves, or stipules. This can generally be done with- 
out difficulty by looking at their position. If, however, we find 
a prickly plant with thorns scattered all about the stem, as many 
roses (see fig. 164), we may know they are simply enlarged cells, 
and are correctly called thorns. 

You will be surprised to hear of a plant which uses its leaves 
as offensive weapons, but I do not know what else one can call 
the fly-traps of the common sundew (Drosera rotundiflord). This 
plant belongs to the saxi&age family, and grows in marshy 
places. Its leaves have a number of sticky hairs, especially 
round the edge, which are so irritable that they close on the 
slightest touch, thus acting exactly like mouse-traps, except that 
flies instead of mice are their victims. No sooner does an un- 
fortunate insect settle on one of them, than the hairs close upon 
it, and the harder the prisoner struggles the more irritability is 
excited, and the tighter is it pressed. A. ioTft\^ii tx^^sc^^^ ^^ISis^s* 
same family (Dionoea muscijpvld)^ called Nenu^ ^^A»\«^,Ss» 'sjs^s^ 
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more successful in its murderous business than our sundew. Of 
course there must be some good to the plant in this curious 
arrangement ; but whether this is to provide itself with fly-soup, or 
whether it has some quite diflFerent purpose to which the fly-catch- 
ing is an accidental adjunct, is not certain. Various experiments 
have been made on the Dioncea muscipula* which seem to show 
that in this plant there is a fluid at the tops of the sticky hairs, 
which really has the power of digesting animal substances, and it 
is therefore supposed that the juices of the fly are sucked into the 
plant, and serve as nutriment to it; but very decisive proof will be 
needed before one can thoroughly believe in a carnivorous plant 
Climbers, — Another use to which plants turn their leaves is 
by making of them a succession of hands with which to climb. 
They twist them slowly round and round in the sunlight, in the 
same way as the hop does its stem, (see p. 173), till they come in 
contact with some obstacle to which they can cling. Different 
plants twist different parts of their leaves ; thus the clematis 
and canary creepers climb by the revolving power of their leaf- 
stalks ; the sweet pea has large stipules, and only two out of five 

or seven leaflets are leafy, 
while the rest are reduced 
to thread-like and twisting 
tendrils (fig. 169) ; in the 
wild yellow vetchling 
{Lathyrus alphaca) this 
transformation is carried 
further still, for there all 
the leaflets become ten- 
drils, while the great wing- 
like stipules perform the 
duties of the leaves. In 

Fig. 169. Leaf of sweet pea. ^j^q pegj VetchcS there 816 

often sixteen to twenty lea&e\» \» ^<ila. compound lea^ and 
* ''How Plants behave," "by iisaO^TO^,^. ^^. <^«^XQi8:\ 




the lost three of these are generally enough to perform the 
climbing part of the leaf's business ; accordingly we find only 
these reduced to threads. 




Fig. 170. Stipule beudiU of CO 

The common bryony (^Bryonia dioica) is a plant with beauti- 
hH tendrils (fig. 170). I hare called them modified stipules in 
the iilostratiou, but botanists disagree as to their origin, some 
considering them to be stipules, others leaves, and others again 



Of all creepers commonly grown in England the Virginian 
aeeipet (Ampel<ip«ie hederaeea) is the most ingenious. It belongs 
tathesamefamilyas the vine, and like it (fig. 160, p. 173] climbs 
by its modified flower-branches ; but, instead of merely producing 
tendrils with a levolving power, it forms little sticky pads at 
the end of each of them. These cling so tightly to the rough 
bnck walls on which Yiifpnian creepers generally grow, that in 
the winter, when all the little branches have died off, these may 
■till be seen adhering to the wall. 

A year or two ago, I tried to make a Virginian creeper 
climb up the pole that supports a Teiandah. It grew very well 
br the first foot or so, for the stem couYdi b'o.'^'^i^. '& S2q.m& ^ja -, 
ftaa it sent out its little pada and tried to c\\q% to "Oaa yJs.'tO^'*' 
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tliat was too slippery for them, and the wind blew them off again 
and again before they had had time to take firm hold, and it 
was not till I steadied the plant by many tyings that it really 
got on, and was able to make use of its hundreds of hands. 

There is another curious sort of foreign plant called Nepenthes 
or pitcher-plant, which is sometimes to be found in English 
green-houses. This not only turns part of its leaves into bare 
mid-ribs, which we have compared to hands, but in these hands 
it holds cups for the rain to fall into, provided with closely-fit- 
ting little lids which open 
and shut apparently at will 
You may say this is too 
strange to be true, but look 
at ^g, 171, which is a picture 
of a sort of pitcher-plant 
which grows in a fiiend's 
green-house, and you will 
see the facts are not exag- 
gerated. Botanists used to 
consider that the little lid 
was only the leaf, and all the 
rest leaf-stalk; but recent 
observations and comparisons 

Fig. 171. Pitcher-plant ^^^ j^^^^^ pj^^ ^^^ 

proved that the proper leaf begins with the blade, though it is 
afterwards reduced to the mid-rib only. Whether these pitchers 
are meant for catching rain, or only for holding self-distilled 
moisture, or whether they have some other quite different use, is 
among the, as yet, unsolved problems of botany. 

With this last description, which is like a fairy tale from leaf- 
land, we must say good-bye to this part of our subject, and turn 
our attention to the comparatively dry details of classification. 





CHAPTEE XII. 

ON CLASSIFICATION. 

¥E have now looked at the different parts of plants in 
detail, and in the course of doing so have become 
acquainted with a great many of one sort and another. £y 
this time, therefore, you must be feeling the need of group- 
ing your new acquaintances in some sort of order, lest you should 
forget all about their peculiarities ; for instance, supposing half- 
a-dozen plants to have sojne particular mode of growth in 
common, it will evidently be a saving of trouble to remember 
this half-dozen under one head instead of each individually. 

Also, you need some help to enable you to find out the 
names, and to group for yourselves aU the new acquaintances, 
which I hope you will make for yourselves in the flower 
world. It would take more than one lifetime to make and 
name even a poor collection, unless some sort of a classification 
had been devised to guide us through the labyrinth of plants ; 
but the process of collection will be a barren one, unless we use 
such a classification as will not only teach us the names of the 
plants we find, but will also guide us as to their various properties, 
the laws of their arrangement, and the laws of their growth. 

Up to this time my readers have been, as it were, introduced 
to their plants as to strangers : when a person is introduced to 
us of whom we previously know nothing at all, we start with 
the name only, and learn facts about him gradually ; at first we 
only remark the peculiarities of Ma petaoiial ^Y^^'sxa^wyb^'^'ssi. 
we begin to talk together, and we perViapa ^^aSXi<5t *"^aai^V^^a^ 
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agreeable and intelligent ; but as yet, all we can learn of him 
does not aid us, except to help us towards making an accurate 
description of his person and character. But suppose further 
that we learn accidentally that he is an American, at once we 
are provided with new subjects for conversation ; we feel as if 
we knew a great deal about him already ; we have a clue to 
explain many of his personal peculiarities, his manners, Ms 
accent, and so on : if we go on to find from which State he 
comes, whether a Southern or a Northern State, we seem 
in one word to have learnt a hundred &esh things about him ; 
and supposing that our own acquaintance with American life is 
sufficient, we learn more of him if we know to what town he 
belongs, and still more if he happens to belong to a family in 
that town, some of whose members are already within our circle 
of acquaintance. It is this sort of intimate acquaintance that 
the knowledge of a plant's position among other plants 
ought to give us ; at present, with regard to our plants, we are 
only in the stage of having learnt somewhat of their individual 
appearance, structure, and nature ; we have not learnt as yet 
to sort them into their great classes, their divisions, or their 
families. It is true that here and there several plants have 
appeared having such a family likeness that we have quite 
naturally grouped them together, as the Buttercup and Eose 
families ; or we have come across some widely spreading differ- 
ence, separating two great classes, as, for instance, the number 
of seed-leaves, or the growth of wood. But we have got no 
system which will supply us with the information in each case, 
to what class, to what family, any given plant must belong. 

Every one h^s probably felt the difficulty, when introduced 

to an entire stranger and forced to make conversation, of not 

being able to make happy guesses, such as I supposed in my 

above illustration, of the country, town, and family, to which 

the stranger belongs, li "w© ^d. Wt know these things, there 

seem such hundreds of tToiiigiB 't?^ ^iQi\iX.^««:5 \\i\i^^\ia^\Ri^g«»i^<. 
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conversation can we devise interesting to a person of whom we 
know nothing except what we can see with our eyes ? 

This kind gS. difficulty ought never to occur to a botanist in 
making acquaintance with his plants ; he ought not to have to 
trust to happy guesses, the inspiration of the moment ; he will 
have certain fixed rules, by which, at the cost of a little perse- 
verance, he can make out for certain the class of his new plant, 
to what family it belongs, and what sort of relatives it has ; of 
course he will soon learn to discard this process, and to recog- 
nise many plants by their family likeness ; few, for instance, 
who have examined a crucifer, as the wall-flower or stock, will 
have any difficulty in recognising many others by their remark- 
able family likeness ; but even in this he may either be deceived 
or puzzled, and he will then always have his fixed rules of 
classification to fall back upon. 

Classification of plants has then two objects to fulfil : it not 
only enables us to know one plant from another by its name, as 
we distinguish William from John, or Eamsgate from Margate, 
by their names ; it not only enables a learner to refer any strange 
plant to its proper place, and so learn its name, just as a person 
admitted to the House of Commons might learn the name of an 
orator by turning over a photographic album which contained 
named portraits of all the members. It has another object, viz. 
that in so far as it is a good classification it should do more than 
this ; it should tell us at once much that we want to know 
about the plant — for instance, what internal structure its stem 
must have, what sort of a seed it will have, even supposing the 
bud yet unfolded, what medicinal properties its relatives have, 
and which it may therefore be suspected of having ; and besides 
this, it should suggest a great many fresh points for examination. 

The classification which is now adopted in Floras is called 
the "natural " classification ; and it is so c«J[\fe^\i^c»»fi»^^ ^'^^'s^^ 
tiB iar 08 botanical knowledgQ has "been. cAiVfe \.o en^aJ^^^^^^^^^^^^ 
the above test of a good classification. It doe^a, m \Xi^\^s^^'^^'^ 
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language, provide that "plants shall he thought of in such groups, 
and the groups in such order, as will hest conduce to the remem- 
biance and the ascertainment of their laws.'' 

This will be best seen by comparing the natural with some 
of the earlier principles of classification. 

Plants might be classified with more or less advantage by 
any rule, however arbitrary ; thus in a botanical dictionary plants 
are classified by the first letter of their names ; of course the 
plants which begin with A are not likely to have anything eke 
in common with one another, but yet the arrangement is dis- 
tinctly of use in enabling us to find out what is said in the 
dictionary about any plant whose name we already know. 

Scarcely less arbitrary is the common division of plants into 
trees, shrubs, and herbs ; a useful arrangement for the practical 
purpose of the gardener, but not one which either groups like 
things together, or enables us to learn anything of the laws of 
plants. How unsatisfactory such a classification is, is shown by 
the fact that families which in England are represented by 
herbs only, in the tropics are represented by trees ; and, indeed, 
the very same plants which are shrubs or even herbs in one 
climate may attain to the dignity of trees in another. 

Let us go back to the earliest writers we can find. The first 
botanists of any note came from the school of Aristotle, the 
tutor of Alexander the Great ; of these the greatest was Theo- 
phrastus, the successor of Aristotle. This philosopher, however, 
had no idea of any classification as a means of teaching the nature 
of plants ; he simply regarded them as they required to be classi- 
fied for their uses to man, to the farmer and the gardener. Thus 
we find him separating garland-plants* from pot-herbs, com- 
plants from puke-plants, such as peas and beans ; and again he 
divides plants into (1) annuak, (2) those that die down every 

* His term of garland-plants very probably suggested to later botanists 
the use of the word corolla or crown for that part of the plant most usefiil 
'onament 
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winter, but come up again in spring, botanically called Tterha- 
ceous plants, (3) shrubs, and (4) trees. None of these distinc- 
tions form a true basis of classification : in the first place, they 
do not include all plants ; there are many plants which come 
under neither of the first four heads ; and again, there are others, 
like the scarlet-runner, which might come under the three heads 
of a garland- plant, a pot-herb, and a pulse plant ; and thirdly, 
the plants collected under each head have little or nothing else in 
common. So again, the division of plants by a later Greek into 
plants good for food, good for smell, good for making wine, and 
good for medicine. Of course no one now cares to learn these 
odd classifications, but they are very instructive, as showing us 
khe poor ideas which even the cleverest men produced on this 
mbject. 

A lapse of time without result to Botany ends with the 
revival of learning in the fifteenth and sixteenth centuries. The 
diffusion of the habit of exact drawing, " especially among the 
countrymen of Albert Durer and Lucas Cranach, and the inven- 
tion of woodcuts and copperplate," * had not been without its 
effect in producing a more accurate habit of observation, and in 
calling attention to smaller organs, such as stamens and pistils, 
which had hitherto almost escaped notice. 

Attempts began to be made to arrange plants not according 
to their uses, but according to what they really were. At first 
superficial characters were chosen, and thus artificial systems 
were formed ; no character could really be the basis of a natural 
classification, unless the members of each group into which it 
separated plants resembled one another not in one character only 
but in many. 

Suppose, for instance, we had an artificial classification for 
animals^ and grouped them according to their colour, we should 

* Whewell's Inductive Sciences, vol. iii. page 234 ; to which work, as 
also to SprengePs Geschichte der Botanik, I am much indebted in this 
chapter. 
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jjNim frogs, green parrots, and green butterflies, all in the 
^roup, with scarcely another character in common ; or 
.^2Mit» if we grouped them by the length of their tails, we should 
^\c« the tiger, the mouse, and the crocodile. Our botanists did 
:i^ choose quite so absurd characters as these, but yet the result 
Uk wtany cases was to group together plants certainly as different 
^ a tiger from a mouse. 

Thus one man* chose the shape of the corolla, another t the 
tKut done, another j; the fruit and corolla combined, another § 
Ihe pistil and stamens alone, and another || by a happy inspiration 
hit on the cotyledons. 

The fault of all these 'classifications was, that although they 
succeeded in bringing together many plants which ought to be 
grouped together, yet they formed many of their groups of very 
miscellaneous plants. 

Of the early groupings the most natural was that by Toume- 
fort, the French professor of Botany at the Jardin des Plantes, 
towards the end of the seventeenth century ; this was based on 
the form of the corolla. Now it happens that several groups of 
plants, which have the same shaped corolla, have many other 
points in common — in fact, so many points of agreement that 
the more we study them the more the agreement comes out ; 
these groups of plants are therefore natural groups, they make 
together a kind of plant diflFerent from all other plants, and they 
bear in the shape of their corolla a sort of notice of the other points 
of agreement which a more minute investigation would disclose. 

It was for this reason that several natural groups, or, as we 
should call them, natural families, occur in this arrangement 
Thus we recognise there the pea-flowers — plants with a blossom 
with its standard, wings, and keel, like the pea or the gorse ; it is 
true that, as Tournefort judged by the corolla alone, other fEonilies, 
as the milkwort, got mixed up with them. It is odd how a supe^ 
ficial resemblance will deceive even a practised eye. I sent 
* Tooraefort. f Casalpinua. % ^7» § Lumseus. || LobeL 
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lately to a gardener for fifty specimens of " any pea-flower," to 
illustrate a lecture I was going to give. I had not time to ex- 
amine the tin containing the specimens till the moment arrived ; 
my specimens were just being handed round to the audience, when, 
to my horror, I found they were of the milkwort family, and no 
use for my purpose whatever. My friend, the gardener, had, like 
Toumefort, selected his plant by one character alone ; had he 
looked inside one of the corollas he would have seen at a glance 
that, whatever else the flower was, it was not a pea-flower. 

But for all this, Toumefort managed to group together the 
crucifers, z.e. those plants which have the wall-flower for a type ; 
the labiates, which have the salvia or the white lamium ; and 
other natural groups. 

Linnaeus, the great Swedish botanist of the middle of the last 
century, chose the number of stamens and carpels for his critical 
characters. By so doing he succeeded in choosing a system 
which was above all others easy of application ; there is no diffi- 
culty whatever in counting the number of stamens, and hence 
the long favour which his system enjoyed, and indeed still 
enjoys. But while we find it very easy to assign any plant to 
its proper class, according to his plan, yet these classes often 
contain plants with very little in common, and some very clearly 
marked natural groups are separated — thus some of the grasses are 
in the class with two stamens (Diandria) and some in that with 
three (Triandria.) Hence in the linnaean system we fail to 
group together such plants as by being so grouped can be most 
easily remembered and most clearly understood. 

It is true that Linnaeus deviated from his own system in order 
to form special classes for such natural groups as had, as one of 
their distinguishing characters, a very peculiar and special dust- 
organ — as the Tetradynamia, which are our Crucifers; the 
Syngenesia, which are our Composites, a well-marked family, 
which I hope to discuss in detail in my next chapter ; and 
Gynandna, which are our Orchids. 
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In these cases his groups are good, because they make us 
think at the same time of those kinds of plants which possess 
this peculiarity of their dust-organ ; but in general we are not 
certain to have anything in common between plants which have 
a given number of stamens and carpels. 

And the great botanist felt this, for before his death he 
indicated that he was aware that his system only answered a 
temporary purpose, till a truer and more natural one could he 
worked out ; and he went so far as to sketch out the characters 
of some thirty natural groups, which have now been adopted as 
families in the natural system. 

We have yet to consider the natural system, as it is called, 
which has now superseded the Linnsean system : not that it is in 
all respects a natural system, for in some points it is as artificial 
as its predecessors, but natural in as much as it professedly aims 
at natural, and therefore really distinct grouping, and to a great 
extent has succeeded in its aim. 

The chief originators of a natural system were the French 
botanists Jussieu and De CandoUe. It is the system of Jussieu 
as modified by De Candolle and successive botanists that forms 
the basis of the classification now in use ; and according to it 
our English Moras, and Mr. Bentham's among the number, are 
arranged. A more complete system has been made by the great 
English wrilter, who died a few years ago. Dr. Lindley ; but his 
improvements have hardly yet found their way into our text- 
books. 

Two main features run through the natural system — (1) the 
division of all plants whatsoever into three great classes ; (2) the 
arranging of plants into smaller groups, called families. Both 
these points have been naturally and not artificially carried out 

The three great classes have been already pointed out — ^viz. 

Dicotyledons, Monocotyledons, and Acotyledons. The character 

upon which these classes are based — viz. the number of the coty- 

ledons — might at first seem arbitrary and artificial, but when it is 
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seen that with this difference many others are connected, the 
naturahiess appears ; thus we have the following distinctions : — 



Dicotyledons. 


M0N00OTYI.RTX)NS. 


A00TYI.KT)ON8. 


Flowering plants 
{Phan^ogams). 


Flowering plants 
{PhanerogaTos). 


No true flowers 
{Cryptogams). 


Two or more cotyledonn. 


One cotyledon. 


No cotyledons. 


Wood in rings. 


Wood in isolated bundles. 


Wood in patterns, not 
rings. 


Net-veined leaves. 


t 

Parallel-veined leaves. 




Killing number 4 or 5. 


Ruling number 3. 





Besides these differences, there are others which hold gene- 
rally true, but not always ; and indeed a botanist soon learns to 
distinguish the class to which a plant belongs by its general habit. 

It is an error to suppose that there are no plants which 
seem to lie on the border land, and while agreeing in most 
respects with one class, yet in one or more, and perhaps those 
important respects, seem related to another class. Thus the 
embryo of the parasitic dodder, which may be seen climbing 
over our furze and heath, seems to be acotyledonous, yet as it 
in other respects agrees with dicotyledons, and is akin to the 
convolvulus, it is grouped in the. convolvulus family. 

Of the smaller groups or families some have already been 
introduced into these chapters by the long description of typical 
specimens ; thus we have had of dicotyledons the Buttercup 
Family, known by having all its floral parts separate and free ; 
then the Crucifer Family, a well-marked group, easily recognised 
by its six stamens, four long and two short, coupled with a 
peculiar ovary ; the Pea-flower Family, known by its curious- 
shaped corolla and its distinctive stamens ; and several others. 

The long table which accompanies this chapter is intended to 
give practice in determining the family to which an^ ^laxid^ tc^xuc^^L 
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in the field belongs. There is extreme difficulty in making such 
a table accurate and yet complete ; but the experience of some 
years has shown that the table here given can be used with 
great practical utility. 

You will find marked in it almost all the families represented 
by native plants in England ; it would be impossible to include 
in such a table all the families there are in the world; for 
according to the system of Adrien de Jussieu there are 216 
families, 12 belonging to acotyledons, 30 to monocotyledons, 
and 174 to dicotyledons. 

The number of families being so large, attempts have be^ 
made, more or less successfully, to combine the families into 
groups less large than classes, which have been called Sub-classes 
or Divisions; at present these divisions are somewhat artificial, 
for they separate many families,' which from a general point 
of view seem closely allied, and the series in which the families 
so divided present themselves, fails to fulfil the logician's defini- 
tion of a good classification mentioned above (p. 198), because it 
does not really conduce to the remembrance and the ascertain- 
ment of their laws of growth. De Candolle himself spoke of this 
series as " a mere scaffolding, better or worse suited to accomplish 
its end." 

You will see by the table that the Dicotyledons are divided 
into three divisions — Polypetals, Gamopetals, and Incomplete. 

(1.) Polypetals have both calyx and corolla (with a few excep- 
tions), petals not united ; and are divided into two sub- 
divisions : — 

Thalamifiorals ; stamens free, Le. coming off the 

receptacle. 
Calyciflorals ; stamens not free, i,e, not coming off 

the receptacle. 

(2.) Gamopetals have both calyx and and corolla, petals united. 
(3.) Incomplete have not both, calyx and corolla. 
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The divisions of Monocotyledons and Acotyledons may be seen 
at a glance from the table. 

"We have thus the whole vegetable kingdom divided into 
classes, classes into divisions, divisions into families. Farther 
than this, families are divided into genera, genera into species, 
and species sometimes into sub-species or varieties. 

In the case of the plants described, it will have been noticed 
that each plant has two Latin names ; thus Sedum acre (p. 41) 
meant that the plant described belonged to the genus 8edum, and 
was distinguished from the other kinds of Sedum by the epithet 
acre, or biting. The name does not tell us the family, which we 
are supposed to guess from our knowledge that all Sedums belong 
to the family Crassulacese, and to the division Polypetals. 

All plants of the same species resemble one another in almost 
all points, or at least only dtfifer in minor points, according to the 
individual peculiarity of the plant, just as one animal may differ 
from another of the same species — one horse from another, for 
instance. If any set of individual plants are markedly and con- 
stantly different from all the rest of their species, and resemble one 
another in that difference, they are called a variety — thus there are 
varieties of rabbits, pigeons, dogs, and of most domestic animals. 

A few words as to how to use the long table. In the first 
place, it does not profess to enable you to determine the genus 
and species of the plant, it only enables you to determine its 
family; and, as was said before, it is only intended to apply to 
native British plants : it is no use therefore attempting to run 
down garden or green-house plants, unless they are also found 
wild in England. 

If it is desired to determine the genus and species, recourse 
must be had to a Mora, such as the one by Mr. Bentham, which 
was recommended to you before. You should then turn to the 
family in which you know from the long table that the plant is 
included, and endeavour, from directions given you there, to find 
out its name. An example will be the best way of making this clear* 



206 A YEAR'S BOTANY. 

Let us suppose a flower has been found in the fields. I will 
take an easy one, and my readers will probably guess which it 
is as we run it down. I look at it, and see that its oblong 
wrinkled leaves are net- veined. I therefore know I shall find it 
in the class dicotyledons, which occupy the first ten columns of 
the table ; I see that it has both calyx and corolla ; hence it is 
not in the ninth and tenth columns (which contain the families 
of the Incomplete division). I next notice that the yellow 
corolla, although its limb is divided, yet has its petals united 
below into a tube ; hence it is not to be found in the first five 
columns (which contain the Polypetalous families), and we infer 
that it is somewhere to be found in the Gramopetalous division, 
which occupies the sixth, seventh, and eighth columns. 

Proceeding down what may fancifully be called the genea- 
logical tree of the Gamopetals, we find that the division separates 
into two branches — ^those with ovary not free, i.e. joined to some 
other organ (as in willow herb), and those with ovary free. The 
ovary of our plant is free, and the corolla is regular : these two 
facts will take us safely to the seventh column : but how are we 
to tell to which of the twelve families in that column it belongs 1 

It is not of the Heath family (Ericaceae), because its stamens 
grow on the corolla. It may be of the Primrose family (Primu- 
lacese), (as possibly you have guessed before now), for the stamens 
do grow opposite to the divisions of the corolla, the placenta is 
free-central, and the seeds many. Still we must not conclude 
that it is of the Primrose family till we have found a separate 
reason why it cannot belong to either of the other families in the 
column. If my readers will provide themselves with either a 
primrose or a cowslip, they will be able to find out the reasons : 
thus, for instance, its free-central placenta will prove that it is 
not a gentianaceous plant, its one- celled ovary will show it is not of 
the BoraginesB — and so on. We therefore conclude that it is some 
plant of the family Primulacese, of which the primrose itself is 
ilie best type. To what genus or species it belongs we could not 
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ascertam for certain (always supposing that we did not know it 
beforehand), without turning to the family in the Flora. I will 
assume that the plant is really the primrose itself, although we 
are supposed not to know it. We turn to the page in the Flora 
where the PrimulacesB are treated : in Bentham it is at p. 300 : 
we there learn that there are nine genera of British Primulaceous 
plants, and a table somewhat similar to the long table is given 
to enable us to determine which is the right genus. 

Of these nine, the Hottonia is out of the question, as being 
an aquatic plant ; four others are discarded, because their leaves 
are all opposite or whorled, whereas our plant's leaves are radical ; 
among these are the pimpernel and the moneywort; the four 
remaining are the primrose, the cyclamen, the trientale, and the 
samole, of which we read in the first chapter. The two latter 
are rejected, because their stems are leafy, whereas the stems of 
our plant are not. 

The shape of the coroUa will be sufficient to determine be- 
tween the primrose and cyclamen genera. It seems very odd 
that the last genus to be rejected is the cyclamen, a plant at 
first sight so utterly unlike the primrose : yet if the cyclamen be 
examined, it will be soon seen to have all the characteristics of 
a true Primulaceous plant. 

We have then established that our plant is a Primula ; but 
then which is its species % Primula what 1 Turn to the Primula 
genus ; Bentham gives us only two species to choose from — veris, 
whose corolla is yellow, and farinosa, whose corolla is pale lilac. 
It is then Primula veris^ linn. The abbreviation succeeding 
the name is short for Linnaeus, and always indicates the name of 
the botanist who first gave the name of Primula veris to this 
particular plant. 

But it happens that our journey is not yet done : of Primula 
veris there are three well-marked varieties ; indeed, so well 
marked, that most botanists rank them as three separate species ; 
viz. var. Primrose, yar. Cowslip, and var. Oxlip. Eeferrin^ once 
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more to our specimen, we see that it has its flower-stalks radical 
and one-flowered, and that therefore it is not the cowslip or the 
oxlip, which have an umbel of several flowers, but is the true 
primrose variety of the Primula veris, the Primula being a genus 
of the family Frimulaceae, of the division Gamopetals and the 
class Dicotyledons. 

It will be thus seen that plants, as it were, grow with their 
names and the names of their families written inside. Kb 
pictures, only practice, is wanting. The more plants a youDg 
botanist runs down, as it is called, the better : at flrst he should 
choose those plants which are not only easy of dissection, but of 
which he is able to tell at the end whether the family he arrives 
at is the right one, by knowing beforehand the common name of 
the plant. Let him try a crocus, a violet, a buttercup, and so 
on. After a little practice he will begin to trust himself to go 
right, even if he is attempting to name a plant with regard to 
which he has not the faintest conception what it is. This will 
be found very interesting, and if hard work with a Bentham be 
added to a study of the long table, there is no doubt considerable 
progress will soon be made towards becoming a real botanist 
At first I should say to beginners — ^by all means avoid illustrated 
books ; learn to trust to your dissecting needles, and to the de- 
scription you make of your specimen : let the final test be, not 
whether your plant looks like a more or less accurately painted 
picture, but whether your notes of it tally with the description 
in the Flora of the species to which you wish to refer it. Another 
caution should be — Do not attempt the more difficult plants at 
first ; such families as the Umbellates, of which the chervil and 
the hemlock are types, the Composites^ of which the daisy, the 
thistle, and the dandelion are types, the Sedges, and the Grasses, 
are great stumbling-blocks to beginners; therefore avoid them 
at first : if a plant has been run down to one of these £eunilies, 
do not attempt as yet to go on to its genus and species. Per- 
haps in the next chapter help may be given you with regard to 
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some of these families ; an unknown Umbellate cannot possibly 
be named, imless a specimen with, leaves and ripe fruit be pro- 
cured. 

Again, some genera are hard, because botanists differ as to 
the number of distinct species, and the distinctions between the 
different species and the different varieties are too subtle or too 
superficial to be recognised till after special practice ; against the 
following genera I would specially caution my readers : Eosa 
and Bramble [Ruhis), in the Eosaceae; Hawkweed [Hieracium), 
among the Composites ; Willow (Salix)^ among the Catkin family. 
To these should be added the water buttercups, all of which Mr. 
Bentham, who takes the extreme view of reducing the number of 
species, classes under the species Ranunculus aquatilis ; whereas 
other botanists, who take the other extreme view of promoting 
almost all the recognisable varieties into species, count up as 
many as twenty species. It is because Mr. Bentham takes this 
simir view, that his Mora is the best to place in the hands of 
beginners. There is quite enough work for many a month in 
learning the well-marked species, about which there is no doubt, 
before we begin to study the disputed genera, which are some- 
times ^di^R^ 'polymorphous^ that is, assuming many forms. 

With these many cautions, and somewhat tedious directions, 
the reader is commended to the interesting work of collecting, 
classifying, and naming plants. 



Note. — In the Table of Families, only the characters are given which 
are necessary for distinction from some other family in the same column. 
The rest of the characters of the family must be learnt from the Flora itself. 
Where a family occurs in more than one column, it is because some genera 
wonld come in one column and some in another. 

Several families, only represented by one British species, and that 
species local and rare, have been omitted for the sake of simplicity ; these 
are the Frankenia, Tamarisc, Elatine, Polemonium, Elseagnus, Sandalwood, 
Aristolochia, and Restio Families. 

P 
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The Englifih name of the family is in most cases taken, after Bentham, 
from the typical English genus. 

The nombflTs refer to Bentham's Flora, to which, as far as possible, the 
table has liere been adapted throughout. 

The sign oo means numerous or indefinite. «^ 

The term separate^ as applied to sepals, petals, etc., means that each 
member of the set of leaves or whorl is not united at all to the other mem- • 
hers of the smne whorl. 

The term /ree means that the whorl comes off the top of the stalk 
without being joined at all to any other whorl. 

Under the head "coming off the flower-tube or flower-rim," are^iDi- 
eluded all flowers which in Botany are generally called *^ perigynous." 

The black lines in columns 5 and 8 indicate that the families below 
them belong to the preceding columns. 
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CHAPTEE XIII. 



ON UMBELLATES, COMPOSITES, SPURGES, AND PINES. 

SPECIMENS wanted — Sprigs of shepherd! s-pursey chervil, 
chicJcweed ; heads of groundsel, dandelion, and daisy ; plant 
of spurge^ and coikins of Scotch fir. 

We have spoken of the ways in which flowers have, by 
different men and at different times, been arranged in groups, 
and have traced the growth of the system which we now use. 
We have seen how the main thing to he desired in a system of 
classification is that each group should have several and im- 
portant likenesses ; and we have found how system after system 
has been superseded as imperfect, because, either for the sake of 
ease in naming flowers, or for want of scientific ideas, their 
framers have neglected these fundamental points. We will now 
tafce two or three families, which may be called ideal ones, so 
striking are the points of resemblance between the members of 
them, in spite of very great apparent differences. 

The first of these families is that of the Umhelliferoe, or 
" umbrella-bearing plants.'' Pick a bit of chervil, or wild carrot, 
or hemlock, or even of parsley from your vegetable-garden, and 
you wiU see at once the justice of the name ; for alT these plants, 
like most others of the family, give out a number of flower- 
stalks from the same spot, just like the wires of an- umbrella, 
and then, from the top of each of these, lesser umbrellas with 
masses of little flowers. 

It will be interesting to notice how such an odd structure as 
these complicated umbrellas can arise. To ae^ tla\& '^^ ^sssi^ '^ 
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back to our old friend the foxglove. When this magnificent 
flower is out we have a long stem of blossoms, each blossom 
being on its own flower-stalk and nursed in the axil of its own 
hrdct. First the lowest blossom comes out, as we saw (pp. 46 
and 51), and then one after another younger blossoms come out 
at each successive node up the stem, as the plant strains up- 
wards to the air and sunlight. You will remember we described 
this mode of flower-arrangement as indefinite. Such a stem, 
bearing a flower at each node, each on its own flower-stalk, is 
called a raceme, from the Latin racemTis, a bunch of grapes. 
Another kind of indefinite arrangement is found in plantain and 
wheat ; these plants have a similar flower-arrangement, only 
they have no little flower-stalks : the arrangement is in this case 
called a spike. But our plant grows differently from either of 
these ; it has no intervals between its blossoms ; they all start 
from the same place, and grow, each on its own little flower- 
stalk, like a bunch of cherries. It would appear then that, just 
as in an ordinary flower the internodes between sepals, petals, 
and so on, are never developed — although in certain curious 
states they may prove their existence, as in the case of the tuHp 
(fig. 105, p. 104) — so here the internodes between blossom 
and blossom are suppressed, and the umbrella-like growth is the 
result. The best way to imagine this is to suppose you have a 
foxglove, with flowers and buds growing all the way up the 
stalk, and that you are able to press the top and all the inter- 
vening flowers down to the same level as the lowest ; you will 
then have a bunch with the oldest flowers, which were the 
lowest, outermost, and these will be the first to flower. Test this 
in each of your specimens, and you will find it the invariable 
rule for the centre of the bunch to be in bud, while the outer- 
most circles of flowers are fully blown. " But," you may object, 
" what has become of the brads T* The need for them being 
gone, as there are no longer Bm^<& ^ON««a "^ nurse, they are 
in many cases crowded out oi exiaten^^ •, \iM^» ^^^x laa;^ ^*£SKSi.«fc 
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them in a rather decrepit state, as round the large bunches of 
the parsley, and round the large and small bunches of the wild 
carrot. Such a bunch is called an umbel, from the Latin umbella, 
meaning parasol ; so you see, that in this case the botanists use 
the same name as was naturally suggested by the flower-arrange- 
ment itself. But in our family we generally find not a simple 
umbel, but a whole umbel of umbels, so to speak, growing at the 
top of the flower-stalk : this is a compound umbel. 

We have thus seen three of the chief forms of floieer-arrange- 
ment — the raceme, the spike, and the umbel — all having this in 
common, that the lowest flowers, or in the case of the umbel 
the outermost flowers, come earliest into blossom. They are 
therefore called indefinite. We shall speak of a fourth kind 
called a head when we come to our next typical family. 

As blossoms are really branches with hardly any internodes 
— ^generally none besides the flower-stalk, and in some flowers 
not even that — you will be at a loss to think of any kind of 
flower-arrangement in which the lowest blossoms, being in reality 
the lowest branches, and therefore the eldest branches, will not 
come out first. How otherwise, you will say, can each blossom 
in its turn be at the top and nearest to the light 1 Is it not 
delicious to see how, in the shepherd^s-purse, for instance, the 
early blossoms enjoy the air, then the heart of the raceme pro- 
longs itself, and other blossoms have their chance — the length 
of the flower-stalk enabling each blossom in its turn to have the 
best place ; and can any other arrangement efifect this as well 1 

Yes, there is another arrangement which equally well pro- 
vides for this. Do you remember our old friend the campion 
(p. 51) 1 In it and in the chick weed the leaf -arrangement is 
decussate, i.e., as in the dead-nettle, the successive pairs of oppo- 
site leaves alternate one with the other. Thus, supposing one 
pair to point north and south, the next pair point east and weat^ 
the next noTth and south, and so on. In \?ci& «sl^ <^\*vkss5^0^^^c^'^^ 
come the branches ; hence there ate \,^o \<t«aOcL^'a» ^ ^'^^^'^^^^ 
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But what becomes of the main stem ? It ends in a single 
blossom, and you will observe that that blossom is always more 
advanced than any of the blossoms on the branches that grow 
out right and left from beside it. 

It seems then that in this flower-arrangement the eldest 
blossom is the one which grows at the end of the stem. Let us 
call this flower the eldest son : on each side of its stalk come two 
leaves, and in the axil of each of these comes a branch ending in 
a blossom, the second blossom in point of age ; I would call it a 
second son but that it has its twin, so that there are in fact two 
second sons, and you will see that to pursue the metaphor will 
become rather confusing ; for each second blossom gives rise, as 
the eldest blossom did, to two leaves, and to two third blossoms 
growing in their axils. Now as there were two second blossoms 
there will be two pairs of third blossoms ; and, twice two 
making four, we have four blossoms of the third order. Follow- 
ing out the pattern, we shall have twice four, or eight, blossoms 
of the fourth order, and so on as long as the plant has strength 
to go on blossoming. You will often notice that of the two 
branches of the second order one is more vigorous than the other, 
and hence it may go on to the eighth or ninth order, while its 
twin has had only strength as yet to reach the fourth or fifth. 

You will easily be able to trace out this plan in the chickweed, 
which is in flower almost all the year round. A flower-arrange- 
ment in which the end-flower blossoms first is said to be definite, 

Now, having seen that these two plants have a rather un- 
usual flower-arrangement in common, suppose we run them down 
to their respective families with the long table, and see whether 
this is only a superficial resemblance, or whether it is the sign 
of many other more important ones. "We will take the lychnis 
first. You have already examined it once (p. 51), and will 
therefore be on familiar ground. 

(I am supposing that you have a lychnis, either white or red, 
in jroui hand, and the long table spread out before you.) 
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Its leaves are net-veined, therefore it belongs to tlie class 
dicotyledon; its petals are separate, and its stamens are/r66, i.e. 
come off tlie receptacle, therefore it belongs to the subdivision 
Thalamifloral, and you may fold up all but the first three 
columns of your long table. The carpels are united, therefore it 
cannot be one of the families in the first column. Cut the pistil 
open, and look at the placentation ; there is a central axis, with 
masses of seeds growing on it, and no partition-walls connecting 
it with the circumference (see fig* 37, p. 54). Therefore its 
placentation must be free-central, and it must be a member of 
one of the third column families. It cannot be the first (Poly- 
galaceae) because it is regular. The description of the second 
family (Caryophyllacese) exactly agrees with it, for it is regular, 
has a definite number of stamens, free-central placentation, and 
five sepals. You may therefore be almost certain that you 
have a member of the Caryophyllacese or Pink family, and a 
glance through the remaining five families on your column will 
make you quite sure, as each of them has some peculiarity 
evidently not belonging to your flower. 

Now take your chickweed, and run that down in the same 
way. You will soon establish that it, too, is one of the Caryophyl- 
lace», and therefore a near relation of the lychnis ; and when 
you become better acquainted with this family, you will find that 
all plants belonging to it have this same flower-arrangement (pr 
inflorescence, as botanists call it), in which the central blossom is 
the eldest. This is a significant fact, for plants are not put in 
the pink family by reason of their fiower-arrangement ; you will 
find no allusion to it in the long table, and yet in this point all 
our plants grouped for other reasons in this family are found 
unsuspectedly to agree ; this coincidence proves to you how 
natural the grouping has been. 

It wiU be a mistake to suppose either that all plants which 
grow in this flower-arrangement (a cyme * of two branches, as it 
* From the Greek KvfUL (1), a wave ; (2) a 8i2rQ\it. 
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is called) belong to the Pink family, or that a plant would he 
turned out of the Pink family if it failed to exhibit this arrange- 
ment as a sort of ticket of admission. In the same way there 
are plants of the Umbellate family which do not flower in umbels, 
but which, from their many other points of family likeness, 
cannot be excluded from it ; and again, many plants which 
flower in umbels do not belong to the family. 

Another form of the flower-arrangement in cymes is when 
the plant never produces both the branches of the cyme ; thus, 
for instance, there is, let us suppose, one blossom of the first 
order, and there ought to be two of the second order, and four of 
the third ; but at each node where there ought to be ttoo, one 
only is developed, so that there is only one of the second order, 
one of the third, and so on. You will see a good type of this in 
the forget-me-not : from the nature of the growth, which is 
never straight on, but branching off at each node to one side, yte 
should naturally expect to find the young branch, spiral in the 
bud, rolled up like the frond of a male fern before it comes up and 
uncurls ; and such is really the case ; cymes of one branch are 
curled in their early stages ; as the short intemode uncurls, each 
blossom in its turn becomes erect and faces the light ; after a 
little while another intemode uncurls, and another blossom is 
brought above the former one, to occupy the advantageous posi- 
tion it previously held, and which it requires no longer, now that 
it is withering and running to seed. By this very remarkable 
arrangement the same results are produced by the cyme of one 
as by the raceme j just as at a review each soldier in turn passes 
before the commanding officer at the saluting point, so each 
blossom salutes the sun and passes on, giving place to the 
others. 

Eun down any forget-me-not (Myosotis) to its fiamily, and 
jrou win find that it belongs to the Boraginese ; and here again 
jrou will see that a growtti in. cyoi^^, ^^^^^-^a^ ^-^pssi.^^ q£ one 
branch, is characteristic oi ^laa 's?\io\^i«EK^'3. 
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But we are all this while keeping the XJmbellates waiting. 

Umbellate Family. — ^The description which follows will 
almost equally apply to chervil, parsley, cow-parsley or hemlock. 

Take off one of the umbels of the second order, and from it 
take one single blossom. Fig. 172 is drawn from 
the wild chervil, because, though its flowers are rather 
small for examination, it is to be found more nearly 
all the year round than any other member of the 
Umbellate family. At first sight you will despair of 
finding any calyx : no sepals are to be seen : five „ ^^- ^P-.,, 

^ J J ^ Flower of wUd 

petals fall off easily and separately, and, as far as can chervu 
be seen, come off from the top of the seed-vessel, not ^^'^^fi^*^)- 
as in the willow herb .(p. 90), from the flower-rim rising from the 
seed-vesseL The five separate stamens which alter- 
nate with them come off in the same way ; but cannot 
we find some trace of the calyx 1 Let us look at the 
firuit a little closer (fig. 173) ; it is surmounted by 
two stigmas (stig), and consists of two carpels, each 
carpel containing one seed suspended from 
Fig. 173. the top of its cell 

chemi I^ some ripe fruits are at hand, it will be 

{enlarged), gg^j^ ^^^^ ^Yiq two cells come off One on each 

side, with their single seed in each, leaving a partition Fig. 174. 
behind (fig. 174). This partition somewhat resembles the ^u^tof 
axis left behind in a geranium, when all the five carpels chemL 
have jumped away ; and is to be regarded as a prolongation 
of the flower-stalk up the middle of the flower. The 
details thus far are common to almost all the family j 
but the shape, size, roughness, etc., of the fruit vary 
much in different kinds of Umbellates. 

Fii7 I7j> 

Still we have seen no trace of calyx. Turn to ^^^ ' 
the parsley (fig. 175), which has a ribbed pistil, and of parsley, 
count the ribs round the fruit ; can ana:^ ^\wft \i^ OcNssa>k&^ ^'cssss. 
that? if the fruit is made up o£ two c.are^^a ^^i^ ^'^ "^"^ 
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expect two or four ribs, whereas in most Umbellates you ^ 
count ten prominent ribs. Does not this remind us of 
ten prominent ribs of the calyx of many flowers whose pe 
run in fiyes — in the primrose, lychnis, and others ? I 
impossible for the calyx to have become imited to the o1 
whorls all shut up together inside — carpels, stamens, pel 
and sepals, all bound together at their base, so as to a] 
the &ee ends of all except the sepals to come out and si 
themselves ? Not only possible, but indeed almost cerb 
for there is a sort of ridge, and some signs of five 1 
teeth, which in some flowers clearly betrays where 
tube ends. But here, again, as in our sixth chapter, 
may get help fifom the extraordinary, forms which » 
specimens of plants of this family exhibit : in carrot, pare 
cow-parsley, and other genera of this family, blossoms I 
been seen, though, of course, very rarely, in which the five se 
are distinct from the rest of the flower, and separate from 
another. These monstrosities confirm the theory that in 
Umbellates a calyx of five sepals is present, although joine 
the ovary, and therefore concealed. 

It may be well here to give a table of an Umbellate plant. 



Parts OT 
Floweb. 


No. 


Separate or 
Joined. 


Where comiko 

OFF. 


Remarks. 


Sepals. 


5 


United 
entirely. 


The ovary. 


Five small teeth. 


Petals. 


5 


Separate. 


The ovary. 


Size variable, accordi 
petals point outwu^ 
wards. 


Stamens. 


5 


Separate. 


The ovary. 




Carpels. 


2 


United. 


The receptacle, 
but joined to 
calyx-tube. 


Two cells; one awst 
seed in each ceU : axis f< 
partition between the ce 
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The leaves of plants of this family are very heautiful ; some 
are simply compound, but with the leaflets deeply divided (as in 
the cow-parsley); others again, as the chervil, are trebly com- 
pound, and even the leaflets of the the third order are divided. 
As the tables of these plants are all the same, and as we have 
thirty-eight genera of British Umbellates, some help towards 
recognising different plants must be sought from the leaves ; 
but the real distinctions are based on the ripe &uit ; hence, as 
was stated in the last chapter, it is impossible to refer an 
unknown Umbellate to its proper genus and species, unless ripe 
fruits are at hand. In the fruits of many species there are long 
channels running down them, a little below the surface, which 
contain oils ; these channels are called vittcSy and some of the 
distinctions of genera are founded upon them. The presence of 
these vegetable oils gives a pungent taste to some of the fruits ; 
the caraway {Garum carui), for instance, which we use for seed- 
cake, and which is not really the seed, but the half-fruits of 
an Umbelliferous plant. 

For the sake of those of my readers who have been practising 
how to name plants with Mr. Bentham's Flora, we will just see 
what questions would arise in the naming of an Umbellate. Our 
plant is really the wild chervil, common everywhere ; but this 
must at present be a profound secret ; the name of the plant is 
to be discovered inside the flower. Let us turn to the long 
table ; net-veined leaves, and ruling number 6, shows that the 
plant is a dicotyledon ; the separate petals take us to Division 
Polypetals ; and the stamens not free, but coming off the ovary, 
take us to the second column of the subdivision Calyciflorals, 
and we have our choice of the five families in it : our plant is 
neither a tree, a climber, a parasite, nor are its styles united, 
hence we arrive at 35 Umbelliferse. 

On turning to the place (p. 184) in Mr. Bentham's book, we 
are asked a series of questions — (1), Are the leaves undivided, 
0r the contrary 1 Answer, The contrary. We are then dixft«te.<L 
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by the figure at the end of the line, to turn to question 3. Are 
the leaves prickly, fleshy, or neither 1 Answer, Neither. The 
figure at the end of the line directs us to question 4. Is the fruit 
smooth, or the contrary 1 Here comes in the unavoidable neces- 
sity of having ripe fruit, for it is hardly possible from a young 
ovary to tell whether the ripe fruit will be smooth, hairy, or 
prickly. Our finiit is smooth, and we are thus guided to ques- 
tion 12. Here the answer depends on the shape of the fimit. 
Our fruit is " long and narrow," and we are directed to question 
46. Question 46 asks whether the fruit is less or more than 
half an inch long] we answer, "Less," and are sent to 48. 
Here we are asked if the finiit has any stalk or not, and finding 
that our fruits are stalked, we conclude that we have a plant of 
the chervil genus in our hands. 

We then turn to the Chervil genus, the 32d genus in the 
XJmbelliferse. We have yet to determine its species. It is not 
the burr-chervil, which has a markedly hispid or rough fruit ; 
and the perfectly smooth, unribbed fruit of our specimen proves 
it to be the wild chervil {Ghcerophyllum sylvestre, linn.) There 
are many members of the Umbellate family to be found in 
every hedge in England, and it is most interesting work to 
examine them, and find out their small individualities, which 
are hidden at first by their great superficial resemblances. So* 
my readers may practise plenty of this "running down" for 
themselves. 

Comjpositce, — ^We will now turn to our second typical family, 
which shall be that of the Composites. The groundsel is a 
member of it, and we will take that for examination, because it 
grows everywhere, and is always in flower, even when the snow 
is on the ground. 

Pull up a whole plant of it, and notice the strong tap-root, 
with the number of fibrous roots coming out from it ; also the 
deeply-cut leaves, so shining, and yet so hairy ; the manner in 
which these leaves grow on the stem, too, is interesting ; they 
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Fig. 176. 

Head of 

groundsel. 



Lave no stalks, and their side tips project about half-way round 
he stem, so that they may be caUed amplescicaul. 

Take one of the fully-blown flowers (fig. 176), and 
ry to make a table of it, similar to the one we have 
nade of the chervil First, low down on the blos- 
som, we come to several scaly-looking minute leaves 
«rith their black tips ; these surround a cup of green 
.eaves, united almost to the top, where they, too, 
ure surmounted by black points. There are more of these 
eaves, as indicated by their tips, than we can easily count, 
ind besides, their number does not seem to be the same on 
iifferent blossoms. Shall we then call them an indefinite num- 
3er of sepals ? We had better examine further before deciding 
ibout this. 

Try to pull off this green covering. You will find that it 
jticks to something inside, and you will be obliged to tear the 
nrhole blossom. You then find that each of the domble hooks 
nrhich protrude above the green case (fig. 176) is the centre of 

what looks like a miniature flower. Take one of 
these out, and put it under your magnifying glass. 
If you choose one from the middle, it will be still 
in bud, if one from the outside, it wiU be open, 
as represented in fig. 177. 

We now know that the green covering was no 
true calyx, for that protects one flower, whereas 
inside our case are more flowers than we can count. 
If you think of the parsley with its several bracts 
all growing at the same level, you will be able to 
jolve the problem. 

In the parsley each blossom grew at the end of a separate 
{talk, and at the point where these stalks came off were several 
3racts ; theoretically there ought to have been a bract to each 
lower-stalk, so that each flower might be considered as growing 
in the axil of a bract, but there were more flowers than bracts. 




Pig. 177. 

Floret of 

groimdsel 

(magnified). 
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Now the flower-arrangement of the groundsel only differs from 
that of the umbel, in its flowers having no separate stalks; 
and consequently the stalk has to swell out and form a sort of 
platform so as to receive the crowd of little flowers [florets we 
will call them). As in the umbel the outer flowers were the 
first to blossom, so here the outermost rings of florets are the 
first to open, and then those next to them, and so on, till last 
of all the central florets open. We see why this should be so ; 
the flower-arrangement is in both cases in reality the same as 
that of a hyacinth, or mignonette, or fo^Lglove : the stem keeps 
sending out blossoms in the axils of bracts, the lowest or 
outermost coming naturally first to maturity ; but in. the dande- 
lion even the flower-stalks are gone, and the branch is reduced 
to the flattened disc laden with florets. 

This flower-arrangement is called a Tiead, and all Composites 
will be found to flower in heads ; but it is remarkable that • 
when there are several heads on the same branch, the heads 
themselves will be found to be arranged definitely, i.e, the cen- 
tral head will always flower before the others. 

Let us now take a single floret. 

Choose one which is open : you will have to make a special 
table of it. You will perhaps begin with the mistake of saying 
there is no calyx ; but I think you will find evidence to show 
that one exists. 

Look first at the corolla ; try and pull it out from amid the 
fluffy stuff (see fig. 177) which surrounds it ; you will see that the 
corolla comes off in one piece from the top of the ovary. Now 
when the corolla breaks off in this way from the top of the* 
ovary, what is generally the case with the calyx 1 Just as the 
lower part of the corolla must be in reality so tightly fastened 
to the ovary that it never comes off, but is left attached to the 
ovary when the rest breaks off at the top j so that of the calyx 
may be fastened on outside, in such a way that calyx, corolla, 
and ovary, and even the fibres which lead up to the dust-spikes 



ON UMBELLATE8, COMPOSITES, SPURGES, & PINES. 223 

as well, are all welded together. What then is the fluffy stuff 1 
It is the only trace of a free part of the calyx, coming away at 
the top, and enveloping the corolla. 

Now as to the shape of the crown ; it is united into a thin 
tube (Hke the primrose) for about two-thirds of its length, and 
then opens into a tiny erect bell, the five teeth of which (see fig. 
177) show clearly that it is composed of five leaves. 

But where are the stamens % These form the most peculiar 
part of the floret, and you will probably hunt for them in vain, 
unless you remember how in the primrose we founds them 
hidden in the tube of the corolla, after we had been unable to 
find any external trace of them. 

In the groundsel, however, I doubt whether you will recog- 
nise them when you do see them, for they are 
united by their anthers^ and form a ring round the 
style (fig. 178). This mode of union is unlike any- 
thing we have seen before, and taken together with 
the flowering in a head, is characteristic of the 
Composite family. You must be careful to look out ^- 1^^- 

stamens of 

for it before settling that your head is a Composite, groundsel 
or you will include the scabious, and other mem- ("^"''^fi^- 
bers of the Teasel family. Our groundsel stamens have very 
short filaments by which they are joined to the petals. It 
is not easy to cut and lay open the petals and anthers 
without tearing the latter; but if you can manage to do so, 
you will see that each is joined in a line between two tips 
of the corolla, i.e. that the stamens are alternate with the 
petals. The pollen is let out by two long slits looking towards 
the centre. 

The pistil consists of two carpels, as is shown by the double 
crest at the top. The description of the fruit of a Composite, 
with its one seed suspended from the top of the ovary, is given 
at p. 84, under the head of the dandelion. We there spoke of 
its floating apparatus under the name of balloon, but as it differs 




^ 
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from that of our flower in having a long neck, we can more cor- 
rectly call our fruit a shuttlecock, with the ovary itself for cork, 
the calyx for its velvet covering, and the fluffy part or pappus 
for feathers. 

But our pistil is not yet in fruit j its style and stigmas have 
still to be considered, and very important they are to the well- 
being of the flower. In fig. 177 a fully-blown floret is drawn, 
and you there see the style standing out from the corolla, and 
having its two stigmas well open. Fig. 178 was taken from a 
youngs floret, and accordingly the stigmas are only partly open, 
and have not completely emerged from the anther-tube. If you 
examine one of the still younger florets, which you can find in 
the middle of your groundsel head, and which are still in bud, 
you will be able to see no trace whatever of the stigmas. The 
truth is, that the stamens ripen first ; till they are ready to shed 
their dust, the style is quite short ; at about this time it lengthens 
rapidly, and pushes its way through the splitting anthers. You 
will naturally conclude that the pollen then adheres to its 
sticky stigmas, and that thus the flower is fertilised. But 
there is a difficulty in the way of this ; the stigmas are closed, 
and necessarily so, for if they were open, they could not 
possibly get through the narrow passage in the middle of 
the anthers, and the surfaces, which will hereafter become 
sticky, are closely pushed against each other, so that their 
outer unsticky sides are all that can come in contact with the 
pollen. 

Therefore, even here, though the pistil and stamens both 
grow in the same flower, and are particularly large in pro- 
portion to the covering leaves, you see we are met by the 
question. How can it be fertilized ? 

We will leave the solution of this difficulty for a near relation 
of the groundsel to solve, and proceed to make a table of our 
flower. 
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GROUNDSEL. 



Parts OF 

Fl/>WEB. 


No. 


Separate or 
United. 


Where oomino 
off. 


Remarks. 


Sepals. 


Sup- 
posed 
to be 
5 


United. 


The ovary. 


Crowned with a pappus 
of hairs. 


Petals. 


5 


United. 


The ovary. 


Regular : in a tube } of their 
length, then opening into a 
bell-shaped flower. 


Stamens. 


5 


United by 
anthers. 


The corolla. 




Carpels. 


2 


United, 


The receptacle, 
but joined to calyx- 
tube. 


Ohe cell only, and one seed 
suspended. 



Almost every statement in this table is true of all Compo- 
siteS; as the structure of the stamens and carpels never varies, 
though some florets do not contain both stamens and pistil ; the 
shape of the petals does vary, being regular and bell-shaped in 
some plants, as in our groundsel, and irregular and atrap-ahaped 
in others — ^as, for instance, in the dandelion, which we will 
now examine. 

Dandelion, — ^Notice first the leaves surrounding the florets — 
involticrdl bracta, as they are called : they are turned back, sepa- 
rate from each other, and more numerous than those on a 
groundsel head. Also the disc is larger, and the 
florets consequently more loosely packed than 
those we have been examining. Take one of these, 
and look at it carefully : at first you can hardly 
fEuicy that it is a flower at all, it looks so like 
a bright yellow strap ; presently, however, you 
find the double crested style coming out from its 
tube of anthers (fig. 179) ; and seeing that the 
yellow strap is united into a tube at the base, and has five.yery 

Q 




Pig. 179. 
Ploret of dandelion 
(magnified). 
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minute teeth at the top, you guess that it is really five petals 
made into one of the curious-shaped corollas in which nature 
seems to delight. Below the corolla tube is the hairy pappus, not 
this time growing immediately above the ovary, but' separated 
from it by a short neck, the use of which you will see presently. 
In the dandelion as well as the groundsel the style pushes its 
way through the ripe anthers, and in it there is a special con- 
trivance in the shape of hairs for brushing the pollen out 
But (see fig. 180) the hairs are helom the crests, and when the 

floret is fully blown, you may often see many 
grains hanging on to them, which, however, it is 
quite impossible that their own sticky stigmas 
should ever reach, as you may assure yourselves 
by looking at their relative positions in the figure. 
But do you remember how the outermost floret 
blossoms first ) The result of this is that when 
FTg. 180. row three (counting from the outside) has just 

Dandelion piatu pushed up its styles and loaded its little pollen- 
without the pappus x- J^ ^^ x- 

(nuignijud). collecting brushes, but has not yet had time to 
open its crests, its elder brethren in row two have already 
expanded their crests, and are ready enough for the pollen whidi 
may be brought them by insects, or blown them by any breath 
of wind. In the groundsel, the florets are so tightly packed 
that they probably get the pollen from their neighbours by 
contact ; and it may be for this reason that no brushes are 
needed, as when the nearest stigmas themselves touch the styles 
as they ascend from the midst of their anthers, they are certain 
to get any grains of pollen which may be adhering to them. 

It is a significant fact that the outside row of many Com- 
posites has florets which contain a pistil, but no stamens. I 
will leave it to my readers to decide the reason of this. 

The family of the Compositae is very large, and the varia- 
tion in the shapes of the florets of the diflerent members has 
caused it to be divided into three tribes. 




ON UMBELLATES, COMPOSITES, SPURGES, <fe PINES. 227 



(1.) The ThMe'?iead8y whose florets are all regular and 
tabular, like the one we examined in the groundsel All 
thistles belong to this trib& 

(2.) The Strap-shaped, which, like the dandelion, have all 
their florets irregular and strap-shaped, and are called Ugulatea. 

(3.) The Ray-hearers, which combine both sorts of florets, 
having an outside row or ray of irregular strap-shaped ones, and 
the rest of the florets made up of regular tubular ones. These are 
called corymbifers. In most of them the ray-florets have no 
stamens, and in all, they blossom before their more central breth- 
ren. The daisy, great yellow com chrysanthemum, Michaelmas 
daisy, etc., are all examples of this tribe. 

One naturally wonders why this £unily should have flowers 
so very diflerent in appearance among its members. Is there 
any advantage to the plant in the various-coloured conspicuous 
rays to be seen in this last tribe ) If there is an advantage, why 
should it be confined to this tribe alone 1 

I think if you remember the pollen-laden brushes, and the older 
brethren waiting for and wanting their burden, you will be able 
to solve the first question; and the brilliant-coloured thistles with 
their tightly-packed florets will help you to answer the second. 

With this hint I will leave to your con- 
sideration the following problems :— >'(1.) 
What is the use of the brilliant-coloured 
rayl (2.) Why does such a flower as the 
thistle require none ) (3.) How do you ac- 
count for the insignificant appearance of 
the groundsel 1 

But all this time we are leaving our 
dandelion only half examined. Turn to a 
head whose fruits have ripened, and see how 
a breath of wind sets them all floating. A 
change, you will notice, has taken place during 
the process of ripening, which further facilitates this ^^, 181V 



fap 




Pig. 181. 

Dandelion fruit 

{magniJUd). 
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The necks of the ovaries have grown till they are about an 
inch long, and the pappus stands out nearly at right angles 
to the style^ so as to balance the fruit like a parachute in the 
air. Thus, when once a breath of wind has set a flight of these 
flying machines in motion, they are driven along steadily with 
the wind, perhaps for miles. I have heard of a pappus- 
chase after a composite seed-vessel for more than a mile in a 
high wind over some downs. This contrivance shows what 
terrible enemies such weeds as dandelions, thistles, sow-thistles, 
and other Composites will be ; for even suppose a gardener has 
once cleared his ground of them, if the garden lies to leeward 
of a neighbour even a mile off who has neglected to keep doWn 
his weeds, the seeds of his idleness will be sown in the indus- 
trious man's garden, despite all his care. 

To help my readers in learning to run down Composites, I 
will give the successive answers and numbers arrived at in deter- 
mining the name of the common groundsel (Bentham, p. 234). 
We shall get it to the tribe of Corymbifers, instead of to 
the Thistle^heads, as you would expect, because some groundsels 
have a row of small ray florets, though our species has not. (1) 
Florets all tubular, (2) involucre of bracts and leaves not prickly, 
(3) Florets yellow, (5) leaves alternate, (7) outer ray-florets not 
larger than the central ones, (8) having pappus of hairs, (12) 
bracts in one principal row, (13) leaves pinnate and toothed; 
this brings us to Genus XVII. , Senecio, Turning to Genus 
XVII. the answers, " Leaves cut and divided," and " Ray none," 
determine the plant to be Senecio vulgaris, linn. 

Before bidding good-bye to the Dicotyledons, I must say a 
few words about two families which are likely to puzzle you. 
These are the Euphorbiacese and Coniferse. 

EuphorhiacecB or Spurge Family. This, as you will see by tum- 

^S ^o youT long table, comfta"vm.^«t\?DLa ^'mVonDL Incomplete, and I 

think you. will presently saj ftia\. \\. ^€ii ^^«Kt:^^VH^\iSfla5^ '^ 
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dog mercury (Mercurialis perennis) is a member of tliis family. 
The pistillate and staminate flowers are separate, growing sometimes 
on the same, sometimes on different plants. The pistillate flower 
consists simply of three bracts, two filaments which never bear 
any anthers, and a pistil of two carpels with branching crests. 
The staminate flower has three bracts, and from nine to twelve 
stamens. Thus far, the family is easy enough to understand ; 
but turn to one of the spurges, the large genus which gives its 
name to the family, and I think you will be puzzled. There is 
only one sort of blossom (fig. 182) growing in 
the middle of two leaves, which in some species 
are connate. You will probably conclude that 
this is one flower, that the four bract-like glands 
(^),astheyarecalled,arethesepals,thatthepetals 
are wanting, and that the curious trilobed thing spurge^o^cence 
which you see hanging out is a pistil of three {enia/rged). 
carpels, surrounded by its six or seven stamens in the usual 
way. This is simple enough, but how then do you account 
for the long intemode between the ovary and the receptacle] 
The truth is, that you have before you an inflorescence; the 
half-moon glands (g) take the place of ordinary involucral 
bracts, and each stamen is a whole flower, in which calyx, 
corolla, and pistil are all wanting. The trilobed thing is also 
a whole flower, growing on a long stalk, and consisting of its 
three carpels only. The inflorescence therefore consists of a 
number (generally from eight to fifteen) of staminate flowers, 
and one pistillate. This view, which seems at first sight rather 
startling, is confirmed by a little joint (/), which may be seen 
some way below each of the anthers. The stem below this joint 
is considered as flower-stalk, above it, as filament. 

Coniferce or Fine Family. — The Scotch fir will do to illus- 
trate the strange habit of this family. As we saw twQ «yd& <j^ 
catkins in the willow, bo we find ttiexn. "Viet^ *. ovi^ \si^^^ xi;:^ ^'^ 
staminate Mowers, the other of pistfflate. "Lxi ^Jsaa ^q.^\^ "qb^ "^^ 
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staminate catkins are small and wonderfully full of dnsty pollen, 
as you will see if you shake a tree in blossom. Each flower is 
made up of a little scale bearing two stamens on its inner sur- 
face. When they have shed their dust, they shrivel up, and 
the catkins gradually disappear. The pistillate catkins are in 
the shape of a conSy and their flowers are very curious, as each 
is composed of a bract bearing two naked seeds, i,e, ovules with- 
out any carpels whatever. Some botanists try to dispose of this 
anomaly by arguing that the bract on which they grow is really 
an open carpel. Another still stranger thing about these seeds 
is, that instead of containing one, or two cotyledons, there are 
several, varying in number firom three to eighteen. ^Nevertheless 
the whole habit of the tree makes it necessary that it should be 
put into the Dicotyledon class, and considered as an anomalous 
member of it. As the fruit of the pine ripens, the seeds are 
provided with wings, the bracts harden and become woody, and 
a fir-cone is formed. 

These few words will, I hope, give you the clue to these two 
puzzling families ; and I think you may now hunt for members 
of every English Dicotyledon fEunily, without fear of meeting 
with any insuperable difficulties in understanding them. 



CHAPTEE XIV. 
ON SOME MONOCOTYLEDONOUS FAMILIES. 

SPECIMENS wanted — ^A wild ai'um plant ; yellow flag or 
garden-iris ; common wood-rush (Luzula campestris) ; 
cotton-sedge (Eriqphorum polystachyum) ; and commxm quake- 
grass {Briza media). 

We must now turn our attention to the Monocotyledons. 
If you look at your long table you will see only four short 
columns, containing fourteen families in all belonging to this class, 
and making it look very small compared with the many long 
columns of Dicotyledonous families. 

We will only speak of a few of the most widely spread 
Monocotyledonous families, and leave you to make acquaintance 
with the others alone. 

Aroidece, — This is the second family mentioned in the 
long table. The first, Typhacece, or the family of bulrushes, 
is one of those I will leave you to study for yourselves. The 
stately white arums of our greenhouses, and the "lords-and- 
ladies^' which make our hedgerows gay with their brilliant 
scarlet berries, are both members of the Aroideee or Arum 
family. 

If possible, dig up a whole root of the " lords-and-ladies " 
while it is in blossom — ^that is, before any sign of the red berries 
has appeared, and while the pale lilac (or sometimes yellow) 
spike peeps out firom its enfolding leaf-sheath. The real leaves, 
you will notice, are very unlike this one. They have long 
stalks growing from the root-stock, which is 8wolIeiL«SL<i\!^5a^> 
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"•spai&p 



and is therefore called tuberous. They are shaped like the top of 
a barbed spear, and are curiously spotted, thus giving the plant 
its name of Arum maculatum, or spotted arum. Also you will 
be surprised to see that, unlike the sheathing leaf, and in spite 
of their class, they are somewhat net- veined, thereby illustrating 
the old adage that no rule is without its exception. In the 
greenhouse species you will see that the big glossy foliage leaves 
follow the proper parallel-veined rule. 

But we have spoken of our plant as being " in blossom," and 
yet have seen nothing like ordinary flowers on it. Look closely 

at the cury)us spike, with its yellow or lilac top. 
It is enclosed by an enormous flowering bract, 
which is called a spathe (see fig. 183), as it pro- 
laAe tects not one flower only, but a whole inflores- 
cence. In the greenhouse arum it is the great 
white spathe which gives the plant its beauty, 
and which is commonly called its flower. Inside 
this is the spike or spadix (see fig. 183), with 
numerous flowers growing round it. First, close 
to the stalk, is a cluster of pistillate flowers (p). 
These are completely hidden by the spathe in a 
real flower, though they can be seen in fig. 183, 
because a part of it has been cut away. Each 
pistillate flower consists of a pistil only, com- 
posed of a single carpel At the top of the 
cluster formed by these is a ring of little lumps, 
with ends which at first sight look like stigmas. These never 
come to anything, and go by the name of rudimentary pistils (r.j)). 
Above these there is a short space, and then comes a cluster of 
pale lilac (or yellow) staminate flowers {si). These again are as 
simple as they can possibly be, for each consists of one stamen 
which has a very short filament, and opens to let out its pollen 
by four little holes. Above these is a cluster of rudimentary 
stamens (r,st), and then comes the long club-shaped top of the 




Fig. 183. 
Inflorescence of 
common arum. 
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spadix, wbicli in our greenlioase anim is of such a beautiful 
orange colour. 

What the use of this brilliant orange club is to the flower I 
do not know ; whether it attracts insects to carry the pollen 
from spike to spike, or whether the pistiUate flowers are ferti- 
lized by the pollen falling from the staminate ones growing im- 
mediately above them in the same spike. It is certain that they 
are in some way reached by pollen, as is proved by the beautiful 
red berries into which the insignificant-looking pistillate flowers 
turn, and which rear themselves on a long stalk long after leaves, 
and spathe, and the rest of the spadix, have withered away. 

It possibly strikes you that berry cannot be a correct term 
for an apocarpous fruit. This is true, but appearance here has 
triumphed over correctness, and they are always called by that 
name. If you cut one of them open, you will find from two to 
six ovules imbedded in a quantity of red jelly. 

Alismac&B, — This is a particularly pretty family to examine, 
if you have the opportunity of getting water-plants, and do not 
mind hunting for them in the marshes. The beautiful flowering 
rush {Butomua urribellatiia) belongs to it, and the common 
arrow-head {Sagittaria sagittifolia), the name of which is so 
descriptive of its leaves that it alone is enough to guide you to 
the plant. In the flowering rush you should notice the curi- 
ous way in which the seeds grow not only on the placentas of 
the single-leaved carpels, but all over their inner surface. 
Besides these two there are several other water-plants, all easy 
to run down to their names with the help of your long table and 
Bentham, and almost all having pretty flowers. 

Iridacece. — This is the next family which we wiU look at, 
leaving the Eush family to succeed it, though it comes before 
it on the long table ; and missing the OrchidacesB, because that 
must have a chapter to itsel£ To it belongs the crocus, with its 
wonderful long style and its habit of maturing its ovules under- 
ground and sending them up into the sun to ripen. The iris^ 
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too, which gives the name to the family, is well worth carefiil 
examination. 

I have not made a drawing of it, for no woodcut can ade- 
quately represent its beautiful contrivances, which are shown by 
one glance at the flower itself. I suppose, therefore, that you 
have an iris in your hand, either the wild yellow flag fipom the 
marshes (Iris pseudaconts), or a parple one from a garden. You 
see six covering leaves, three much larger than the other three, 
and growing outside and alternately with them. The outer ones 
bend back, and have a beautiful bed of yellow or white down 
coming up to the place where the leaf begins to bend. The 
inner three are either upright or bending slightly forwards so as 
to touch at the tips and form an arch over the centre of the 
flower. There are three stamens with very long anthers, which 

* 

are alternate with the petals, and therefore opposite to the large 
outer leaves. These anthers split outwards. Inside them are 
three curious stiff leaves which will probably puzzle you. These 
may be considered as leaf-like styles, and their business seems 
to be to push the stamens outwards and forwards, so that the 
pollen from their anthers falls exactly on to the soft bed pre- 
pared for it on the outer covering leaves. As to the pistil, its 
ovary is long and three-carpelled, has parietal placentation, and 
grows below the rest of the flower. In the centre of the flower 
it opens out into the curious flat styles which we have noticed, 
and the stigmatic surfaces are to be found on the outer surface 
of their two appendages, quite at the top and well above the 
stamens. Thus it is impossible for the flower to be self-ferti- 
lized. There are three roads by which bees and other insects 
can enter it in search for honey — ^viz. the three spaces between 
the stamens and the outer leaves ; and in each of them there is a 
double arrangement for dusting an insect with pollen, for not only 
does he get it on his back from the anther immediately above him, 
bnt his hairy legs are also covet^^rnVJcL \\»ixaci.^<i downy bed 
on which they rest, and vfloicik, «a ^^\iK^^TiQ^v»^\iafc\Mai 
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plentifdlly sprinkled with it If the next flower which he Tisits 

18 bending down its leafy stigmas, it is sure to receive some of 

this, and so be cross-fertilized. 

Juncaeem or Ruah Family, — ^Yon will have no difficulty in 

finding an example of this family in 

the common field wood-rush (Luzula 

campestrU), Look out for low tnfts 

of &ru8h'like plant sending up flower-^ 

ing stems of about four or five inches 

high. Fig. 184 will help you to know 

it, and if you have once seen the 

grass-like leaves fringed with long 

whitish hairs, you can hardly fail to 

recognise the plant. 

The blossoms are irregularly 

crowded together in clusters ; there 

are at least three such clusters, the 

oldest and most advanced being 

terminal and sessile (t,c), and the 

others mounted on two flower- 
stalks on each side of the central 

cluster ; the arrangement of the clusters is therefore a cyme of 

two or more, while . the arrangement of each 
cluster is a short irregular spike, almost com- 
pressed into a head. 

Each flower has six separate covering-leaves 
(fig. 185), all alike, the outer three of which may 
Tig. 185. he regarded as sepals, and the inner three as petals. 
Single flower of ^ considerable difference will be noticed be- 

oommon field wood- 

nuh (etiicvrged). tween the blossoms which are just out and those 
which have been out some time. Before the covering-leaves open 
the pistil is seen protruding, and three large stigmas, famished 
with little feathery hairs (/«), are aeeii \i!Mi!®si% ^^-wa- ^^ 
iMs time no trace ot any stamenB casi "be ^»«ii,\s^ ''^ *^^ ^sk^^- 




Flg. 184. 
Common field wood-nub. 
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ing-leayes be opened with a knife, six little stamens, with unburst 
anthers, will be found nestling beneath them (see fig. 185). A 
little later, the stigmas will have shrivelled, the covering-leaves 
will have opened of themselves, and the six anthers will have 
begun to protrude in their turn, and shed showers of dust If 
a flowering stem be shaken on a windy day, a cloud of dust will 
be seen drifting to leeward. 

It will readily be seen that in this plant self-fertilization is 
thus rendered impossible by the fact that the pistil comes to 
maturity before the stamens. How then are these plants fer- 
tilized ] By insects ] Hardly ; for they have no attractive 
corolla like their first-cousins the lilies, nor any sweet nectaries 
like their second-cousins the orchids. Probably then by the 
wind y for we have seen above, that the pollen is set free in 
clouds from the later flowers, while the neighbouring flowers in 
an earlier state have specially long and large stigmas hanging 
out to catch the pollen-grains. 

The seed-vessel consists of one cell and three seeds, but it 
betrays its origin from three carpels, not only by its three stigmas, 
but by its triangular shape. 

It wiU be well for my readers to make a table of this flower, 
which by its leaves and ruling numbers is clearly a monocotyle- 
don. Cross-fertilization by means of the wind occurs in other 
plants, in the case of the stinging nettle for instance, and of the 
pines; and the recent observations of foreign botanists have 
shown that it is at least possible in our cereals ; in wheat, for 
instance, oats, and rye. 

We will now turn to the two last families of the monocoty- 
ledons, which, as the long table will show you, belong to the 
division GlumacecBy have a column to themselves, and are distia- 
guished as having " chafiy bracts instead of covering-leaves." 

CyperacecB or Sedge Family, — Some sedges and some wood- 
rushes have a superficial resemblance which might puzzle you, 
though their structure is really quite different. If you once 
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compare a wood-rush and a lily, you will see that the wood- 
rush flower is really a dry lily, while the sedge flower is utterly 
unlike anything we have examined. 

Try to find a bit of common cotton-sedge (Eriophorum poly- 
stachyurri). You should, if possible, have two specimens, one in 
flower, the other in seed, Le, after it has become cottony. The 
root is short and fibrous, the leaves long, sheathing, and grass- 
like. The flowering stems are long and stiff, and end in a 
cluster of from two to eight bunches. This cluster has a long 
thin bract protecting it, and you should notice that while the 
inner bunches are almost sessile, the outer ones have thin droop- 
ing stalks. Take one of these bunches, or as they are called 
pikelets, and examine it carefully. It is made up of a number 
of Uttle flowers, one of which, magnified, is 
represented in fig. 186. You see it has no 
calyx or corolla, no sort of covering except s/Sy- — jrS&f^^ 
the one dry leaf [g) in the axil of which it 
grows. This leaf is called a glumes and it, ^ 
or something resembling it, is common to the Flower of 
sedge and grass families. The flower itself common cottou-sedge 
consists of three stamens with long anthers 
growing at the top of their filaments, and a pistil with round 
ovary, clearly-marked style, and three plumy stigmas {stig). At 
the bottom of the ovary are a number of hairs (^), which may 
remind you of the pappus of the Composites, except that there 
the hairs come off at the top of the ovary. As there we said they 
might be considered as representing the free part of the calyx, 
so here we may perhaps think of them as morphologous to the 
whole of the corolla and calyx. The sedge family is most 
largely represented in England by the Carex genus, which has 
no less than forty-six English species belonging to it. 

These Carices differ in many respects from the flower which 
we have been examining. Their stamens and pistil are always in 
different flowers, sometimes growing on the same, sometimes on 
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diffeTent plants, and in the pistillate flower theie is a green sort 
of loose covering round the ovary through which the style pro- 
trudes, sometimes bearing two, sometimes three stigmas. The 
spikelets are arranged sometimes in spikes, sometimes in loose 
clusters, as our cotton-grass. 

I think you will now have no difficulty in recognising mem- 
bers of the CyperaceaB. Their glumes and spikelets distinguish 
them &om all except the grass family, and that, as you will pie* 
sently see, has well-marked distinctions of its own. I cannot 
promise you that you will find running them down to their 
proper species so easy a task. Many of their little brown 
flowers look much alike, and careful examination is required to 
find out the minute differences between them. 

Ch'aminece or Grass Family. — There are a few terms 
peculiar to this family, and always used by botanists in describ- 
ing it, with which I fear it will be necessary for you to burden 
your memories. The flowers of grasses are, like those of the 

Cyperaceee, arranged in spike- 
lets, which spikelets are again 
arranged either in spikes, as the 
wheat, or in a loose irregularly 
spreading inflorescence called a 
panicle, like the common quake- 
grass (fig. 187). This will 
be a very good grass for 
examination, as every one 
knows it, and its different 
parts can be made out even 
when dry. Take one of the 
spikelets off its delicate stalk, 
and pull it to pieces. Outside 
are two empty glumes, im- 
bricated, i.e. the outer one over- 
lapa the bfkSQ of the other like the tiles of a house. Inside, 




Fig. 187. 
Panicle of common qnake-grass. 
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and between these two, are sue or eight little flowers 
packed closely together, and also imbricated. Take one of 
these florets, and examine it carefully. 
Fig. 188 represents one considerably mag- 
nified. It is enclosed within two more 
chaffy bracts ; the larger of these is called 
the fiowering glume (fg) ; the smaller, 

Via 1 88 

which may be known by having a little nick pioww of quake- 
at its tip, and two main ribs running down ^rass (magnified). 
the back, is called the pale (p). Take these off, and inside you 
will come to the flower proper, as at present we have only re- 
moved bracts, which have no place in the floral table. Of 
flower itself we find very little. There are three stamens, with 
the finest, most delicate filaments imaginable, and versatile 
anthers {vs), Le, anthers 'fastened by the middle of their backs 
to the filaments (see p. 110). These mature before the two- 
carpelled pistil, one of whose plumy stigmas you can see peeping 
out from between the flowering glumes {stig), 

Now feuicy a plant in full blossom ; it flowers indefinitely. 
Therefore, if the top flowers have blown, the stamens on the 
lower branches will have withered, and the long feathery stigmas 
will be protruding. Higher up the stamens will have split, and 
their versatile anthers, just balanced on their thread-like fila- 
ments, will wave to and fro in every breath of wind, and shed 
showers of pollen on the plumes held out to catch them. Thus 

you see cross-fertilization is a most natural 
and easy matter in the grass family. We 
have spoken of our flower as if it consisted 
of stamens and pistil only, but there are 
really two little covering leaves or scales, as 

Fig- 189. '^ N 1 . 1 i 

Fruit of quake-grass may be Seen in fig. 189 (?), which was drawn 

immifi^- from the fruit after the stamens had faUen, 

and the two styles had grown up at the top of the pistil, which are 

not to be found in a young flower. These two little scales are 
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called lodicules, and are supposed to represent tlie perianth 
or covering-leaves. In many grasses you will be unable to see 
them at all, but in others, as the wheat, they are clearly visible. 

The dissection and naming of grasses is troublesome at first, 
but the differences are not really diflScult to detect, and there 
are few large families in which plants can be more certainly 
named by a patient observer than the grass family. 

We will run down our quaking grass as an example. But 
first I must mention that many grasses have the veins of some 
or aU of their glumes prolonged into sharp points called awns. 
The barley is a good example of this. 

Another characteristic of grasses is, that at the top of the 
leaf-sheath is a little scaly appendage, lignle as it is called, from 
ligula, a little tongue. 

Turn to Bentham, page 520. Our spikelet contains more 
than one flower, which takes us to 24 ; they grow in a panicle, 
25 ; there are no awns, so we go to 40 ; the spikelets grow in a 
loose panicle, which takes us to 43 ; the outer glumes are shorter 
than the flowers, 45 ; we have three or more flowers, 46. Our 
spikelets are not oblong, and our glumes are closely packed and 
very spreading, therefore our genus is No. 34 Quake-grass. Turn 
to page 553. We have only to settle between two species. Ours 
is perennial, as you may see from the creeping root-stock ; also 
the ligule of the leaves is short ; it is therefore Briza media, or 
the common quake-grass. 



CHAPTEE XV. 

ON ORCHIDS. 

SPECIMENS wanted— The Helmet- Orchis (Orchis mmio) ; 
and all other orchids that can be found. 

We have now come to our last chapter, which we will devote 
to a slight sketch of the orchids. H any of my readers wish 
to study their wonderful history in detail, I recommend them 
to read " Fertilization of Orchids," by Mr. Charles Darwin. It is 
more interesting than any novel that ever was written ; and the 
account of how Mr. Darwin reached his conclusions about the 
orchids is a splendid lesson in the right way to observe. 

Eirst of all pick your flower. The helmet-oichis (Orchis 
morio) is the one I am going to describe, because it is one of 
the first to flower, as it comes out early in May, and also one 
of the easiest to understand ; but even it has a sufficiently com- 
plicated structure, and I fear you will find it impossible to 
understand it thoroughly unless you are able to obtain a speci- 
men to pull to pieces as you read. 

The plant has a tuberous root, and its , 

leaves are parallel-veined and sheathing. At j i 1,^,1 ^ xj^tj 
the top of the stalk come the flowers, growing l^^^^y^ 
-is it in a raceme or a spike? Look caref uUy, )^ T^M^-i 
and settle this question. Each flower (fig. f ^ M^ 
190) grows in the axil of its own bract (6). ^ ^^ 

Does it also grow on its own little leaf-stalk ] riower of helmet- 

orcliis 

This is the question which you have to settle. 
Now let us pull our flower to pieces; ^ia\», «cA ^V'A^escS^ i^^^-^- 
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ing outside, is a purple leaf, veined with deeper ^dirpl^ and 
slightly covering two other leaves (fig. 190, ss) with'ite edges. 
These three leaves make up the outer whorl of covering leaves, 
and are the sepals of the flower. The top outside sepal is 
hidden in a side view of the flower, and therefore cannot be 
seen in fig. 190. 

Snip off the sepals, hold the flower by its long tube, and 

look straight into it. At the top are 
two narrow veined leaves (fig. 191, 2?p) 
growing alternately with the remains of 
the sepals ; and at the bottom, growing 
almost at right angles with these, is one 
very large leaf, which is curiously 
spotted in the centre, slightly slit at 
the sides, and prolonged into the long 
tube which you are holding (fig. 190, 
n). These are the three petals, growing 
alternately with the sepals. Snip off 
the two top ones, noticing how they, 
with the three sepals, form the curious 
sort of helmet which gives the flower 
its name. 

We now expect to find stamens and pistil, but all that we 
see to account for these organs is a queer little appendage 
(fig. 191, r), something like a watch-pocket, perched upright at 
the back of the tube, just between the two top petals, and pro- 
tected by the helmet from wind or damp. Touch the little 
box if) with a sharp pencil, it will break along the ^nt line, 
and you will see that it is full of sticky matter. The append- 
age above it will open at the sides {ad), and two thin yellow 
stalks, with green club-shaped tops, will spring out and fasten 
tightly to the point oi yoxn "penciL They are unlike anything 
yon iave seen before, and xec^^ ^^t^ <s»xfei\5y ^-xMSfiHasjidon. 
Put one of them undei a m«®[^^?>-^^'^>l^'^''^^^*^^^^'^^ 




Pig. 191. 

Front view of helmet-orchis, 

the sepals being removed 

(enlarged). 
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top is inifd0 up of a number of wedge-shaped lumps (fig. 192, 
pp). Bdsh the top about with one needle, holding the stalk 
firmly with the other, and still looking through your magnify- 
ing-glass. The result will be that the lumps will separate, and 
if you pull carefully, you will be able to make j^j»j£^...pm 
the club stretch out to two or three times its S^ 

ordinary length ; but directly you remove your ^^B 

needle, the lumps will spring together again, ^ 

and the whole club will retake its former shape. j 1 

Possibly you abeady guess that what you have y 

been looking at is the contents, an extraordinarily II 

modified anther, made up of a number of little >0- .P^ 

packets of pollen (fig. 192,^), tied together by ^e- 1»2. 

elastic threads. It is so unlike the same part in any heimet-orchis 
other sort of flower that it has been necessary to (ma^ijud). 
invent new names for it and all its parts. Thus the whole of 
the organ represented in fig. 192 is called a pollen-mass. The 
yellow stalk (which is formed of the ends of all the elastic 
threads joined together) is called the eavdide (c), and the 
membrane on which it stands, and by the under surface of which 
it stuck to your pencil, is called the viscid disc (d). Each of 
these pollen-masses is the pollen of one anther (fig. 191, aa), and 
the two together are therefore the contents of one ordinary stamen. 
This is all that our flower can boast of in the place of the three 
stamens which the sepals and petals had led us to expect ; but 
I think you will presently allow that it well knows how to per- 
form all the duties generally adjudged to several stamens. 

We have hitherto seen nothing at all like a pistil, and you 
may be inclined to decide that our flower is dioecious ; but if you 
cut through the curious curved support on which it stands, 
you will find it is an ovary full of seeds growing on the side walls 
in three sets ; it must therefore have parietal '^l^^«c;^al^^'^^«s^^^ 
formed of three carpels. Our questioii aa \.o "Oj^a NaaSkSst^^^^iKssR.^ 
of the plant is also settled, fox tlie o^ei^ Ha ^^-ejs^^^ «».^ *<^^ 



244 A TEAKS BOTANY. 

flowers therefore grow in a spike. You have seen sAne other 
flowers, as the evening primrose (p. 90), in which the ovary was 
quite below the rest of the flower, hut there we found a long 
style and clearly-marked stigmas. Here there is no style what- 
ever, and no ordinary stigmas. The top of the ovary is con- 
fluent with the tube of the large petal, and inside this, just 
below the one stamen, are two shiny, sticky spots, which are 
two stigmatic surfaces (flg. 191, st.a st.s) . But we found that the 
ovary was formed of three carpels. Where is the third stig- 
matic surface 1 It is transformed into a little round box, fall 
of sticky matter, called the rostellum (fig. 191, r), and the ends 
of the caudicles of the pollen-masses are so firmly fixed to it that 
when removed they bring away with them part of its outer mem- 
brane, which we have called their visdd discs (fig. 192, J). 

T.s. ^ig- 193 is a plan of the 

^^^^^^ flower, from which you see 

^^^ ^^^V 'Cd'dSty except for the one 

r^f^ ^^ odd stamen, the law of 

^^ alternance is observed in 

•^"^ Y"* * this apparently lawless 

I I flower. Some botanists 

^ ^ II account for this deviation 

\ J ^J supposing that the nor- 

* \ M'"^^' mal number of stamens is 

X. ^ ^' f ^ ^ ^ ^ six, though five of them 

j are generally wanting. 

Fig. 193. pS>fheimet.orcbis. Now we will leave the 

TS represents the top sepal ; LS I«S the two structure of the flower, and 

lower ones ; UP UP are the two thin petals ; lAp - 

the large lower one ; SSS are the three stigmatic try tO make OUt the rCSSOn 

surfaces, the top one of which is, as you know, q£ gome of its modifica- 

transfomied into a little box ; st is the one odd . 

stamen, modified into two pollen-masses lying in tions. Look at the tWO 

their pockets. poUen-masses shut up in 

their little pockets, and ftiA ^^^^ ^\jM^a3^^aR. ^«£&6Kji&^ one 

enclosed in tlie roateULxnn, t^'a oVJast \?«q ^^jai^ \s?StfssR \5s^ 
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out of tih# wa7 of the pollen-massee. It mems impoeeible that 
ftny of ths pollen-grams which we have seen so aecnrely tied 
up in their little pockets should reach Uieae sticky snifitces ; 
and joa may remember that we stated before (p. IIJ:) that 
without the aid of the insect world it is impoBsible, Mr. 
Darwin and other botaniata have many times covered orchis 
plants with gauze or glass, so that no insects should have access 
to them, and the result has invariably been that not a seed has 
been set Tet any &ded orchis picked in a wood or field has 
nnmbera of its ovaries swelling, and with their seeds evidently 
set. Let QB see how the insect does his bosinesa Perhaps the 
easiest way to explain this will be to tell yon of a bee which I 
have just been watching at work. Dr. Miiller gives an interest- 
ing account of bis observations on bees, in a field of orchises in 
Germany ; and as I was anxious to see whether English bees 
would behave in the same way, I picked a number of helmet- 
orchises, put them in water, and placed a large bell glass over 
them. Then I caught a common bee, and put him too under the 
^asa. For the first few minutes he 
bozzed about and seemed uncomfortable, 
hut soon he settled on a flower, thrust 
his head into the opening, and remained 
for some seconds busily sucking the 
honey. When he drew out his head I 
saw to my delight that he had both 
pollen-masses sticking to his face close 
to the spot where his feelers ext attached. 
1%; 194 is a rough front view of his 
head when he first came out. Tou must 
notice that the pollen-masseB are stand- 
ing out from his face in exactly the posi- 
tion they would naturally be, since they 
are fastened by the lower aurfacft oi 
&mr viscid diecs. Now, Buppoaing \i6 ■^Ssi'sa aaoShiKt Sissy's!. 




Head or bee u lie emtrged 
from helmet-OTcblB. 
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while tliej are in thia position, tbey will be no mora likely 
to touch the atigmatic snr&ces than if the; had stayed in 
their pocketa. My bee did not go to another flower directly ; 
he buzzed about againat the glasa for a little while, and as 
he did so I saw the pollen-maaeea gradually droop until they 
were in the position drawn in fig. 195. K the bee had now 
gone to another flower and sucked its 
nectar he could not have helped puahing 
either one or the other of these pollen- 
massea against one of the atigmatic sur- 
faces (see fig. 191} ; and while he was 
extracting the honey the pollen-gruns 
would have been caught by its sticki- 
ness, so that when he came away some 
of the thin elastic threads binding the 
packeta of pollen together would have 
snapped, leaving the grains to fertilize 
the flower, Aa a matter of fact^ my 
hee was not thus useful, for I was so 
pleased with what he had already done, 
and 80 much afraid that he would 
pidl off the pollen-maaees in the angry efl'orts which he made 
with his foie-legs, that I put a bit of sponge eaturated with 
chloroform under the bell glass, and as soon as he was quite in- 
aenaible, cut off his head, in order to be able to draw the position 
of the pollen-masses accurately. Mr. Darwin, in his " Notes on 
the Fertilization of Orchids," published since his large work on 
the subject, saya he has seen a "bee (Apia ta^HJiea) with from 
ten to sixteen pollen masses attached to it." He depreasiou of 
the pollen-massea which we have noticed may easily be seen if 
you put a sharp-pointed pencil down the nectary, for it will push 
down the front of the little pocket (fig. 191, r), the aticby bases of 
the discs will adhere to it, and alter about forty seconds of ezpoaun 
to ifieaJritwillgradttallybegintodroop, not exactly downward) 
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bat in a slightly outward direction. K you watch it under a 
microscope while this is taking place^ you will see that it is due 
to a curious contraction in the little bits of membrane at the base 
of the pollen-masses which we have called the viscid discs (see 
fig. 192, d). These do not alter their position on the pencil, 
but seem to shrivel up, and by so doing alter the angle at which 
the stalks of the pollen-masses are attached to them, and bring 
them into exactly the place in which they are wanted. You 
will easily understand this action if you think of the way in 
which a strip of sticking-plaster curls up if it is exposed to the 
air after it has been moistened. The way in which the moist 
viscid disc curls up is similar to this. 

But we have not yet come to an end of the curious contriv- 
ances of our flower. It is evidently necessary that the little 
discs should be firmly attached to the insect, as, if they moved 
while he was flying, they might get out of the position in which 
they are wanted. Accordingly the gummy stuff contained in 
the rostellum has the chemical property of setting hard like 
cement after a few seconds' exposure to the air ; and when once 
it is thus set hard, no wind, nor even efforts of the insect, are 
able to move the discs. But it takes a few seconds to set. How 
is the insect to be persuaded to hold his head still while it is 
setting ? 

The answer to this question was found out while quite another 
problem was occupying botanists. We have spoken several 
times of the nectary, i.e, the long tube at the base of the front 
petal (see fig. 190, n). It was formerly doubted whether 
this had any right to its name, as botanists hunted in vain for 
the smallest drdp of honey in any part of the tube, and long ago 
Sprengel made up his mind that it was one of the " sham honey- 
producers," a sort of deception not unknown in, the flower 
world (see p. 124). Mr. Darwin, however, was not satisfied 
with this conclusion ; he got a number of flowers, and examined 
them for twenty-three days consecutively, looking at them " after 
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hot sunshine, after rain, and at all hours/* * without, however, 
finding the least trace of honey : still he hunted on, and at last 
was rewarded by finding that as in some old houses seciet 
chambers are found in the thickness of the walls, so the helmet- 
orchis has its secret chamber at the base of the tube between 
the two membranes, and here it hides its honey. The insect, 
therefore, is obliged to spend some seconds in boring through the 
inner membrane for the honey with the tip of its proboscis, aad 
meanwhile the gum at the base of the discs is setting hard on 
his head. Could any more ingenious plot be devised for bribing 
it to hold its head still ? But this is not all. Sometimes an 
insect visits a flower, pushes against the rostellum, ruptures it 
along the delicate line in front, depresses its lip so as to expose 
the viscid discs, and, after all, either fails altogether to remove 
the pollen-masses, or much oftener removes only one of them. 
I^ when the insect flew away, the front part of the rostellum 
remained depressed, the contents of the little box would soon 
lose its stickiness, the bases of the discs would become hard, 
and either one or both of the pollen-masses, as the case might 
be, would be wasted. This, however, is provided against, for 
no sooner is the pressure of the insect removed than the lip of 
the rostellum springs up with an elastic movement, covers up 
the gum, and keeps all damp and sticky for the next comer. 

There are some members of the orchid family whose gum 
does not become hard by exposure to the air, and which there- 
for have no apparatus for keeping it damp. In them of course 
it is unnecessary that time should be given for the discs of the 
pollen-masses to become cemented to the insect, and accordingly 
their nectar is found in the ordinary place, free at the base of 
the tube. 

There is just one other point to be noticed. We have seen 
in the case of the primrose (p. 118), that when a plant is cross- 
iertilized, it is for its advantage that the pollen should come 

* Darwin on The YettS^zsAioii of Oxcihida, p. 48. 
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from another plaut. In the case of our flower, the depression 
of the pollen-masses took about forty seconds, if therefore the 
insect flew straight into another flower on the same spike, the 
pollen-mass would be still in its useless position, and it would 
not be till it had visited several flowers, and probably left the 
first plant that they would have reached the proper position for 
performing their office of cross-fertilization. 

In all this we have been considering only one species of an 
enormous family, for the orchid family comprises no less than 
fifteen English genera, and the genus orchWf to which our 
flower belongs, contains nine other species. When I tell you 
that there are very few of these species in which seK-fertilization 
is not made impossible by the structure, and very few again 
whose method of cross-fertilization is exactly alike, you will 
agree that the subject is too large a one to be treated of thoroughly 
in a short introduction to botany. I think, however, that any 
one who thoroughly understands the fertilization of Orchis morio 
will be able to make out the manner in which the same end is 
attained by slightly different means in many of the other orchids. 

I must, however, warn you that different species are fertilized 
by different insects. For instance the spotted orchis {Orchis 
maculatd) so much resembles Orchis morio that one would 
naturally expect to find that it too was visited by bees, whereas 
the main agent in its fertilization has been found by Mr. George 
Darwin to be a certain fly (Emjpis Uvida)* Speaking roughly, 
you may expect to find orchids with very long nectaries visited 
by insects which have a very long proboscis, as moths, butterflies, 
etc., while those whose nectaries are not too long to be reached 
by bumble bees, hive bees, and flies, are generally fertilized by 
them. 

Now we must bring our " Year's Botany " to an end ; and I 
can only say that if my readers have found it only half as 

* Notes on the Fertilization of Orchids, by Charles Darwin ; published 
in the Annals cmd Magazine of Natural Historyt Sept 1869. 
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pleasant to read the stories which the flowers are continually 
telling us, as I have found it to try and act as their interpreter, 
they will agree with me that, whatever else Botany may be, it is 
not dry, 

' Some of my readers may wish to study other books on 
Botany, or to pass an examination in the subject, and may there- 
fore find it necessary to become acquainted with botanical terms, 
which have been omitted from this little book, because I believe 
them to be a hindrance to a beginner, and unnecessary for the 
general reader. 

I have endeavoured to put all the principal terms into the 
Appendix, under the heading of the special part of the plant to 
which they belong, and with such explanations as shall make 
their signification clear ; therefore, any one wishing to master 
them can do so quickly and easily. 

If the meaning of any particular word is wanted, it should 
be looked out in the IndeXy where the reader will be referred to 
the section in the Appendix in which he will find it explained. 
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TN describing flowers you should, if possible, have the whole 
■^ plant before you. 

(L) PLANT. — If you can, you should state whether this is an 
anmuzl, i.e, a plant only living for one year (p. 179) ; a biennial, a 
plant flowering the second year, and then dying ; or a perennial, a 
plant flowering year after year (p. 240). 

(Ili) ROOT. — ^This may be fiyrovs, as the roots of all grasses, 
(p. 179) ; a taproot (p. 179) ; or ttiberous, as the beetroot (p. 179). 
Also a plant may have aerial or air-roots, as the ivy (p. 180) ; or 
the roots may only be useful as footholds,, as iu the case of many 
orchids, when they are called epij^hytea (p. 180) ; or they may be 
parasites (p. 180). 

(IIL) STEM. — Thia may be eitiier above or below ground. 

(a) If above, it may be woody, as the stem of all trees ; or her- 
baceoiis, i.e, dying down every winter, but coming up again in the 
spring (p. 199). Also it may be erect (p. 172) ; climbing, either by 
the main stem or by some of the branches^. 172) ; prostrate, ix. 
lying along the ground ; or having nmners, as the strawberry (p. 1 74). 

(b) If below, it may be a rhizome, as the iris, in which case it 
may have stackers or offsets, as the rose ; have tvhers, as the potato 
(p. 174) ; or a bulb, as the hyacinth (p. 176) ; or a corm, as the 
crocus (p. 176). 

(c) If there is a stem above ground, its shape should be men- 
tioned, whether it is round or square ; whether any branches are 
turned into spines (p. 172) ; whether any cells have grown large 
and turned into thorns (p. 191) ; whether the stem is hairy ; or 
glabrous, i,e, without hairs (p. 190). 
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(d) Also you should mention the growth of the wood, whether it 
be in rings, as all dicotyledcms (p. 161) ; or in bundles, as all mono- 
cotyledons (p. 169). 

(IV.) BRANCHES. — ^When you can, you should state how these 
are arranged, whether whorledz=zverticiUate, i.e. several starting £rom 
the same node (p. 185) ; opposite, two growing at the same node on 
different sides of the main stem (p. 41) ; decussate, i.e. opposite, and 
each pair at right angles to the pair below it (p. 213) ; alternate, 
only one branch growing at a node (p. 185). 

(V.) FOLIAGE LEAVES,— («) How placed P Whether 
radical leaves, i.e. leaves growing from the root-stock (p. 31) ; or 
cauline, i.e. stem leaves (p. 31). (When there are both radical and 
cauline leaves, both must be desc^bed, if they differ.) 

(6) How arranged P Whether whorled = verticillate (p. 186); 
fasciculate =^ clustered, like a Scotch fir; opposite (p. 185) ; decussate 
(p. 213) ; or alternate (pp. 42, 185) ; if alternate, whether arranged 
h h h h etc. (p. 70). 

(c) How inserted P Whether petiolate, i.e. having a leaf-stalk 
or petiole, and, if so, whether the petiole joins the leaf at its base, as 
the laurel, or at the middle of the blade, as the Indian cress, when it 
is caWed peltate (p. 187) ; or sessile, without a leaf-stalk (pp. 47,186) ; 
or amplexicaul, clasping the stem (p. 186) ; or perfoliate, meeting on 
the other side, so that the stem seems to go through them (p. 186) ; 
or connate, when a pair of leaves runs into one (p. 186) ; or decur- 
rent, when the leaf runs along the stem, as in the thistles, etc. 
(p. 186) ; or sheathinjg, as in the grass family. (See fig. 146, p. 146.) 

{d) What stipulation P Whether stipulate, having stipules 
(p. 67), or exstipulate, without stipules. (If stipulate, the stipules 
should be described as if they were ordinary leaves.) 

{e) How veined P Whether pinnately (feather-wise) veined 
(pp. 41, 187); ^a/wm^eZi/ (finger-wise) veined (pp. 30, 187); or 
parallel-veined (pp. 30, 187). 

(/) How far cut P Whether simple, i.e. consisting of one 
leaf only (p. 188) ; or compound, cut into leaflets (p. 188). If 
simple, whether not cut at all, or J cut, J cut, J cut, etc. (p. 188). 
If compound, whether pinnate, having the cutting to tJie mid-rib, as 
in the rose (p. 188) ; or palmate, having the cutting to the base of 
the leaf (p. 188). Compo\xn.d Uaves are sometimes described 
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according to the number of their leaflets as hinatey having two leaf- 
lets ; temate, three leaflets, etc. ; so doubly compound and trebly 
compoimd leaves are bipinnate; triptnnate; or they may be hitemate; 
tritemate. (The cuttings of the leaflets as well as of the leaves 
should be described.) 

(^) Shape P There are three main kinds of shape. 

(1.) Those in which the leaf is equally broad at equal distances 
from the middle of the blade (the breadth being taken as at right 
angles to the mid-rib) ; such shapes are round ; rotund^ i.e, almost 
round ; ellvptic, less roimd than rotund ; oval, still less round ; and 
linear, very narrow, like crocus leaves. 

(2.) Those in which the breadth of the leaf at any distance from 
the middle of the blade is less than at the same distance towards the 
place where the blade joins the stem or leaf-stalk. The terms 
describing this sort of shape commonly end in ate, as ovate, when 
the blade is about half as broad as long ; lanceolate, when it is 
narrower, and ends in a point ; cordate, is heart-shaped ; cuneate, is 
wedge-shaped. Sometimes the base of the blade is produced into 
two little auricles or ears, as in the leaves of arums. When these 
auricles are pointed downwards the leaf is called sagittate, or arrow- 
shaped ; when they point straight out it is called hastate or halbert- 
shaped. 

(3.) Those in which the breadth of the leaf at any distance from 
the middle of the ^blade is greater than it is at the same distance 
towards the place where the blade joins the stem or leaf-stalk. For 
this sort of shape the same terms are generally used as in (2), only 
with the prefix ob, as ohovate, ohlanceolate, etc. 

In terms applied to leaves, when the leaves vary between two 
terms, both should be used, as lanceolate-ovate, sesstle-amplexicaul, 
(In compound leaves the general shape of the whole leaf as well as 
that of the leaflets should be given.) 

(h) Edge P Whether entire, as the ivy (p. 189) ; or serrate, 
cut like a saw (p. 189) ; crenate, with rounded teeth and sharp inter- 
vals (p. 190) ; dentate, having sharp teeth with curves between 
them (p. 190) ; sinuate, with roimded teeth and rounded intervals, 
like the oak (fig. 68, p. 82) ; wavy, not flat, like the holly. 

ij) Point P Whether acute, i,e, pointed (p. 190); obtuse, i.e, 
blunt ; cuspidate, or acuminate, when tapering into a point ; aristate, 
when ending in a hair-like point. 

(Jc) Colour P This may generally be deacrlbed isL Qt^iasflc^ 
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words, but glaucous, which means that the leaf is of a pale bluish 
tint, covered with a sort of bloom, is a useful word. Both sides of 
the leaf should be described. 

(Q Hair? Whether glahroris, without hairs (p. 190) ; or, if 
hairy, whether setosef i.e. having stiff erect hairs ; or hirsute, covered 
with hairs not so stiff ; or tomentose, i.e. cottony ; or canescent, when 
the hairs are so small as to be hardly visible, but their effect is to 
give the surface a whitish appearance. 

(VI) INFLORESCENCE. — ^Whether definiU^ centHfugalyhsmsi% 
the terminal flower flowering first (p. 214) ; indefinite =^ centripetal, 
having the bottom or outside flower blossoming first (p. 212) ; or 
irregular. 

(a) If definite, whether flowering in a cyrae of 1, 2, or 3 (pp. 
214, 215). 

(6) If indefinite, whether a raceme, having flowers on short 
'peduncles or stalks flowering all up the stem, as the foxglove (p. 212) ; 
a spike, like a raceme, only without stalks to the flowers (pp. 212, 
244) ; a catkin, like a spike, only having imperfect flowers, i.e. 
flowers which have not both stamen and pistil, as willows, etc. 
(p. 79) ; a coryrrib, like a raceme, only the lower flowers have longer 
stalks than the upper ones, so as to bring them all to the same 
level ; an umbel, all the flower-stalks starting from the same point 
(p. 213) ; a compound umbel, when each pedimcle of the umbel sub- 
divides into smf^er flower-stalks or pedicels, each bearing a flower 
(p. 213) ; or a head, when all the flowers are sessile, start from the 
same point, and have an enlarged common receptacle or disc to re- 
ceive them (pp. 84, 213, 222). 

(c) If irregular, whether a panicle, as many grasses (p. 238) ; or, 
if your inflorescence seems to belong to none of the kinds described, 
state which it most resembles, and add the termination ose, as racer 
mose. 

(VII.) BLOSSOM. — Whether perfect, having stamens and pistil 
in the same flower (p. 114) ; monoecious, having pistil and stamens in 
different flowers, but on the same plant, as the cucumber (p. 9) ; or 
dioecious, having stamens and pistil growing on different plants, as 
the willows (p. 112). (If the flower is imperfect, both staminate 
and pistillate blossoms should be described.) 
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(a) As to Oorering, If the coTenng ia single, it is generallj 
called a perianth; if double, it is divided into calyx or cup leaves, 
each of which is called a sepal (p, 27) i and corolla, or crown leaves, 
each of which is called a pelal ^. 27,) 

(i) Terms used for scheduliDg lowers witli double 
FeriantlL. 



Pa™ or 


No. 


BlPAKiTIORDMmil,, 


OFI. 


».^ 


SepJs. 


- 


Separate (i»i(«j«lo«,). 


The ovarj (iripmor). 


s.<«.w. 


PMalfl. 


u.Si.acBJSJ^SSS:)' 


TharBUBptau]8(Jt-<=) 
Plower-rlmorflowet- 

tubB{p=W|,H7«l-«). 

Oviry ((pIflirjUHu). 


eBe(d)balow. 


Stamnui. 


i^Ud (if In fsndlei by nn- 

two short, they »re ™lled 
and two short, mmiyt^aitms. 


Flower-rlm or flower 


Bee M below. 


CttTeU, 


^g™tB(apoMri»iie). 


RaceptBde, snd not 
nttaebrul la tny other 

ittnohail M cilyi 


aee(/>l«low. 



It should be noticed that free is often used in the third column. 
It means coming off the receptacle, and being detached from any 
other whorL 



256 



APPENDIX. 



EXAMPLE OF FLOWEK WITH DOUBLE PERLiNTH, 
SCHEDULED WITH AND WITHOUT TERMS. 
{THE WALL-FLOWER.) 



Farts of 

Floweb. 


No. 
4 


Separate or United. 


Where ooming oit. 


BEMARK& 


Sepals. 


Separate = Folypetaloos. 


Receptacle. Free = 
inferior. 




Petals. 


4 
6 
2 


Separate = Folypetaloos. 


Receptacle. Free = 
hypogyuous. 




Stamens. 


Separate and tetradyna- 
mous. 


Receptacle. Free = 
hypogynons. 




Carpels. . 


Unitod = Syncarpous. \ 


Receptacle. Free = 
superior. 





If the flower has a single perianth, as the marsh-marigold 
(p. 32), it is scheduled in the same way, except that phyllous is used 
instead of sepahus or petalous ; thus a marsh-marigold's separate 
perianth leaves would be described as polyphylUms, 

(c) Bemarks on Calyx. — ^The oalyx may be cadAicous, i.e. 
falling off as soon as the flower opens, as the poppy ; decidtumSj 
falling off when the ovules are fertilized ; or persistent^ remaining 
after the rest of the flower has withered (p. 47). 

The (Estivation or arrangement of the sepals may be valvatty 
when all the leaves come off at the same level, so that no one is 
completely exterior. Valvate aestivation is sometimes twisted. 
The aestivation is imbricate when the leaves oome off at slightly 
different levels, i.e. whenever one leaf is completely exterior, and 
one completely interior. The J arrangement descrilsed at p. 71 is 
called the quincuncial form of imbrication. 

The calyx may be regular , i.e. when all the sepals are alike, or 
irregular, in which case the irregularities should be described. The 
general shape may be erect or upright ; divergent or spreading ; 
reflexed, with the tips of the sepals turning back. 

In a gamosepalous calyx the united part is called the tube; 

the part where the sepals spread out, the throat ; and the spreading 

part the lim^, which is generally composed of several lobes (p. 47). 

Sometunea the separate part of the sepals turns into hairs, as in the 

composites, when it is called, tlie pappus 1$^. ^^, ^'^A^J, 
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{d) Bemarks on Corolla. — ^For aestiyatioii the same terms 
are used as about the calyx. (Special forms are found in the Pea- 
flower and Scrophularia families.) 

The corolla may be regular or irregular. 

The general shape, and shape of irregularities, should be de- 
scribed. The thin part of the petal is called the claw (p. 57). In 
the pea-flower family the large petal is called the standard, the two 
side petals are called alcB, or wings, and the two bottom ones form the 
carina or keel (fig. 1 1 , p. 15). In other families one petal is pro- 
duced into a lip or Idbellum (fig. 190, I, p. 241), or into a spur for 
honey, which is called a nectary (fig. 190, p. 241). 

{e) Bemarks on Andrcooium. — Androecium is the name 
given to all the stamens or dust-spikes (p. 27) taken together. Each 
stamen is composed of filament, or stalk (p. 27), and anthers, which 
are the pouches to contain the pollen (p. 27). 

The anther is divided into two lobes, which are joined by a 
connective (p. 103), and it dehisces or splits to let out the pollen. 
The anthers may be introrse, i.e, their slits turned towards the 
centre of the flower ; or extrorse, i.e, their slits turned outwards. 
The anthers may be innate, fastened to the filament like an ordi- 
nary leaf, without marked distinction between back and front ; 
ddnate, fastened by the back, so as to make a distinction between 
back and front ; or versatile, balanced on the filament (fig. 188, 
p. 239). 

(/) Bemarks on Pistil. — This is the name given to the 
whole of the seed-bearing organ (p, 28), It consists of one or more 
carpels (p. 35). Each carpel is divided into the ovary, where the 
ovules or little grains are ; the style or neck ; and the stigma or 
sticky top (p. 28). The seam of the carpel is called the ventral 
suture (p. 36) ; the midrib the dorsal suture. The placentation, or 
arrangement of the seeds in the ovary, is sutural if the pistil is 
apocarpous (p. 39). If the pistil is syncarpous, it may be axile, 
when the seeds are joined to an axis in the middle, and the pistil 
is divided into chambers (p. 50) ; free-central like axile, only 
having no chambers in the pistil (p. 54), or parietal, when the seeds 
grow not in the centre, but on the side- walls of the pistil (p. 58). 

(VIII.) FRUIT.— When the pistil and any part of the blossom 
adhering to it is ripe, it is said to be in fruit (p. 65). The outer 
skin of a ripe carpal is called the exocarp (p. 74) ; the inner skin the 
endocarp (p. 75) ; and the part between, the m,esocarp (p. 75V 

B 
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(a) A fruit which lesolte from apocarpous pistils may be an 
(ichene, which is dry, and tniehiscent^ije, not splitting (p. 68) ; SLfollicley 
which is dry, and splits by the suture or Beam only (fig. 57, p. 73) ; 
a legume, which is diy, and splits }xy both sutures (fig. 58, p. 74). 
If the fruit is fleshy, it may be a drupe, i.e, having a fleshy meso- 
carp and stony endocarp (p. 75) ; a drupel, if it is one of several 
drupes growing on the same fruit (p. 75) ; or a pome, if the fleshy 
part is formed by the united flower-tube, exocarp, and mesocarp, 
while the endocarp becomes homy (p. 77). 

(6) A fruit which results from a syncarpous pistil may be a nut, 
which is dry and indeluscent (p. 82) ; if it has wings, like a syca- 
more fruit, it goes by the name of samara (p. 83). Dry and dehiscent 
fruits are called by the common name of capsule (p. 85). Fleshy 
and indehiscent fruits are called berries (p. 92). 

(c) Collective fruits are those resulting from several pistils, as 
the fig (p. 93). 

(IX.) OVULE. — This is the grain before it becomes a seed. It 
consists of nu>cleu4i or kernel, and of two skins, the prvmine or outer 
coat, and secundine or inner coat The hole in the skins through 
which the fertilizing tubes enter is sometimes called the foramen, 
sometimes the micropyle, or little gate (p. 134). The little stalk, by 
which it is joined to the placenta of the ovary is called the^nicfo, and 
its point of attachment to the ovules is called the hilum. There is 
in some ovules a raphe or feeding-tube (fig. 132,^, p. 132), carry- 
ing nourishment &om the parent plant, and ending in a chalaaa or 
feeding-hole (fig. 132, fk, p. 132). 

(a) Ovules may be erect in the ovary (fig. 134, p. 134) ; pendent 
in the ovary (fig. 135, p. 136) ; and horizontal in the ovary {'^, 142, 
p. 141). 

(6) They may also be orthotropous or upright in the seed (p. 135) ; 
campylotropous, or curved (p. 139) ; and anatropou^, or inverted 
(p. 137). 

(X.) SEED. — Most of the same terms are used in decribing the 
ovule after it has grown into a seed, except that it then consists of 
an embryo or plantlet (p. 137), and the two skins are called, the 
outer the testa, the inner the tegmen. Sometimes the embryo 
is surrounded by a white substance called alhum&n (p. 142), in which 
case the seed is said to be albuminous; sometimes the embryo 
entirely fills the coats, in which case it is said to be exalbvminous. 

The embryo consists of one or two cotyledons or seed-leaves 
(p, 140); a plumuU or stem-shoot (fig. 132 stjsh, p. 132); and 
a radicle or descending shoot (3^. \^4^). 
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The Arabic nwnbers refer to the hody of the work, the Roman numbers 

to the Appendix, 
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Acorn, 82: 

Acotyledon, 171. 

Acuminate, v t. 

Acute, 190, V ». 

Adnate anther, vii e. 

Aerial root, 180, iL 

.^tivation, vii c. 

Air, 149. 

AlaB, yii d. 

Albumen, 142, z. 

Albuminous, z. 

AUsmacese, 233. 

Almond seed, 137. 

Alternate leaves, 42, 185, iv, v h. 

Amentacese, 83. 

Amplezicaul leaves, 186, v c. 

Anatropous, iz h, 

Androecium, vii e. 

Annual, 179, i. 

Anther, 27, vii e. 

Apocarpous, 41, vii 6. 

Apple, 75. 

Aristate, v i, 

Aristolochia, 209. 

Arrangement ^, 70, v 6, vii c. 

Arrow-head, 233. 

Arum, 231. 

Arum maculatum, 232. 

Assimilation, 152. 

Auricles, v g. 

Azile placentation, 50, vii /. 

Axis, 49. 

Azalea, 98. 

Bark, 169. 
Bast cells, 168. 



Bentham's Flora, 202. 

Berry, 92, 232, viii h, 

Birds'-eye trefoil, 122. 

Biennial, i. 

Binate, v/. 

Bipumate, v /. 

Bitemate, v/. 

Borage family, Boraginese, 61, 216. 

Bract, 47, 212. 

Branch climbers, 173. 

Branch (morphology of), 103. 

Brier-rose, 69. 

Briza media, 240. 

Broad bean seed, 130. 

Bryonia dioica, 193. 

Bulb, 176, iii 6. 

BimcQe, 169, iii d, 

Butomus umbellatus, 233. 

Buttercup, 3, 23. 

Buttercup stamen, 102. 

Cactus (succulent stem of), 176. 
Caducous, vii c 
Caltha palustris, 25. 
Calyciflorals, 204. 
Calyz, 26, vii a. 
Cambium layer, 162. 
Camellia, 98. 
Campion, 51, 54. 
Campylotropous, iz h, 
Canescent, v I. 
Capside, 85, viii h. 
Capsule of herb Robert, 87. 
Capsule of wild balsam, 87. 
Capsule of willow herb, 90. 
Carbon, 151. 
Carbonic acid gasvl51. 
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Carex genus, 237. 

Carina, vii d. 

Carpel, 35, vii /. 

Carum cami, 219. 

CaryophyllacesB, 65, 215. 

Catkin, 79, vi 6. 

Catkin family, 83. 

Candicle, 243. 

Canline, 31, iv a. 

Cells, 154. 

Cells of orange, 154. 

Cellulose, 150. 

Centrifugal, vi. 

Centripetal, vi. 

Choerophyllum sylvestre, 220. 

Chalaza, ix. 

Chervil, 211, 217. 

Chervil (runing down of), 219. 

Gbickweed, 213. 

Ol^inese primula, 115. 

Ciilorophyll = green colouring matter, 

158. 
Classification, 195. 
Classification (Jussieu and De Can- 

dolle), 202. 
Classification (Linnaeus), 201. 
Classification (natural), 195. 
Classification (Toumefort), 200. 
Claw, 57, vii d, * 
Climbing stems, 172, iii a. 
Cluster^, V h. 
Collective fruits, 93, viii c. 
Collum, 145. 
Columbine, 98. 
Comfrey, 63. 
Common receptacle, 84. 
Composites, Compositae, 84, 208, 220. 
CompositsB (fertilization of), 224. 
Compound leaves, 188, v/. 
Compound umbel, 213, vi h. 
Cone, 230. 
Coniferae, 229. 
Connate, 186, v c. 
Connective, 103, vii e. 
Cordate, v g. 
Corm, 175, iii &. 
Corolla, 27, vii or. • 
Coronilla, 122. 
Corymb, vi h, 
Corymbifers, 227. 

itton-sedge, 287. 
jedon, 140, z. 



Cranes-bill, 86. 
Crenate, 190, v h. 
Crocus, 233. 
Crocus (corm of), 175. 
Cross-fertilization, 121 
Crucifer capsule, 8t). 
CrucifersB, 60. 
Cruciform, 6. 
Crude sap, 157. 
Cucumber, 9. 
Cuneate, v g. 
Curved plantlet, 138, ix. 
Cuspidate, v t. 
Cyme, 216, vi a, 
Cyperaceae, 236. 

Dandelion, 83, 225. 
Dead-nettle, 61, 63. ; 
Decandrous, vii 6. 
Deciduous, vii e. 
Definite, 51, 214, vL 
Decurrent, 186, v e. 
Decussate, 213, iv, v 6. 
Dehiscent, vii e, viii. 
Dentate, 190, v h. 
Diadelphous, vii h. 
Diandrous, 201, vii 6. 
Dicotyledon, 140 ; growth of, 160 

iii 3. 
Didjmamous, vii 6. 
Digitalis purpurea, 46. 
Dioecious, 112, vii. 
Dionoea muscipula, 191. 
Disc, 222, vi 6. 
Divergent, vii c. 
Divisions, 204. 
Dorsal suture, vii/. 
Dotted vessels, 167. 
Drosera rotundifolia, 191. 
Drupe, drupel, 75, viii a. 

Elaborated bap, 157. 
Elaeagnus, 209. 
Elatine, 209. 
Element, 148. 
Elliptic, V g. 
Epigynous, vii 6. 
Epilobium, 91. 
Epipetalous, vii h. 
Epiphytes, 180, iL 
Embryo, x. 
Endocarp, 75, viii. 
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Endogen, 170. 

Enneandrous, vii b. 

Entire, 41, 189, v h. 

Erect, vii c. 

Erect in ovary, 134, iz a. 

Erect stems, 172, iii a. 

Eriophonim polystachyum, 237. 

Enphorbiaceas, 228. 

Evaporation, 158. 

Exalbuininous, x. 

Exocarp, 74, viii. 

Exogen, 169. 

Exstipulate, v d, 

Extrorse, vii e. 

False partition, 61. 
Family, 203. 
Fasciculate, v h. 
Featherwise, 30, 31. 
Fertilization, 111. 
Fibrous root, 179, ii. 
Fig, 93. 

Filament, 27, vii e, 
Fingerwise, 30, 31. 
Fir-cone, 230. 
Floret, 222. 

-Flower-arrangement, 211. 
Flowering glumes, 239. 
Flower-rim, 43, 67, vii 6. 
Flowering rush, 233. 
Flower-tube, 72, vii ft. 
Follicle, 73, viii a. 
Foramen, ix. 
Forget-me-not, 63. 
Foxglove, 46, 50, 212. 
Frankenia, 209. 
Free, 210, vii h. 
Free-central, 54, vii/. 
Fruit, 65, viii. 
Fuchsia, 92. 
Punicle, ix. 

Gamopetalous, vii h. 
Garaopetals, 204. 
Gamosepalous, vii h. 
Genus, genera, 205. 
Geum urbanum, QQ, 
Glabrous, 190, iii c, v ?. 
Gland, 82. 
Gland (of oak), 82. 
Glaucous, V k. 
Glumacese, 236. 
Glume, 237. 






Goose-grass, 145. 

Gorse, 13, 24. 

Gramineee, 238. 

Grass family, 238. 

Groundsel, 220. 

Groundsel (plant of) 144. 

Groundsel (running down of) 228. 

Gjmandria, 201. 

Gynandrous, vii h. 

Hairt, 190, iii c. 

Hastate, v g. 

Hawthorn (spines of), 172. 

Hazel, 9, 79, 136. 

Head, 84, 213, 222, vi h. 

Heartsease, 56, 59. 

Heartsease stamen, 102. 

Heart wood, 164. 

Helmet-orchis, 241. 

Hemlock, 211. 

Hemp, 138. 

Heptandrous, vii 6. 

Herb Bennett, 66, 77. 

Herb Robert, 86, 89. 

Herbaceous, 199, iii a. 

Hexandrous, vii h. 

Hieracium, 209. 

Hilum, ix. 

Hirsute, v I. 

Hop, 173. 

Horizontal in the ovary, 141, ix a. 

Hyacinth (bulb of), 176. 

Hydrogen gas, 149. 

Hypogynous, vii h. 

Imbricate, 238, vii c. 
Imperfect, vi h 
Incomplete, 204. 
Indefinite, 51, 212, 239, vi. 
Indehiscent, 68. 
Indian cress (leaf of), 187. 
Indian com, 142. 
Inferior, 91, vii 6. 
Inflorescence, 215, 229, vi. 
Innate anther, vii e, 
Intemode, 103. 
Introrse, vii e. 
Inverted plantlet, 137. 
Involucral bracts, 225. 
IridaceaB, 233. 
Iris pseudacorus, 234. 
Irregular, vi, vii c. 
Ivy leaf, 29. 
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JUNOAOEJS, 235. 

Keel, 15, tu d. 

Labellxtm, vii d. 
Labiate, 61, 125. 
Lanceolate, y g. 
Lathyms aphaca, 192. 
Leaf-arrangement, 41, 70. 
Leaflet^ 188, t/. 
Leaf-stalk, 192. 
Leaves as climbers, 192. 
Leaves as weapons, 191. 
Leaves (growth of), 183. 
Leaves of pitcher-plant, 194. 
Leaves of sundew, 191. 
Legume, 73, viii a. 
Lignine, 166. 
Lfeguminosse, 73. 
Liber cells, 168. 
Life of plant, 147. 
Ligule, 240. 
Ligulates, 227. 
LUac stem, 161. 
Lily of the valley leaf, 29. 
Limb, vii c. 
Linear, v g. 
Lobe, 47, vii c. 
Lobe of anther, vii e. 
Lodicule, 240. 
Lords and ladies, 231. 
Lotus comiculatus, 122. 
Luzula campestris, 235. 
Lychnis, 51. 

Main-boot, 145. 
Marsh-marigold, 31, 36. 
Medullary rays, 166. 
Medullary sheath, 166. 
Melon, 9. 

Mercurialis perennis, 228. 
Mesocarp, 75, viii. 
Micropyle, 134, ix. 
Mid-rib, mid-vein, 29. 
Monadelphous, vii h. 
Monandrous, vii h. 
Monoecious, vii. 
Monocotyledon, 140, i. 
Monocotyledon (growth of), 169. 
Morphology, 96. 
Mulberry, 93. 
Musk, 119. 
Mustard plant, 140. 



Naked seeds, 230. 

Natural system of cktssificatian, 202. 

Nectary, 247, vii d. 

Nettle-seed, 134. 

Nepenthes, 194. 

Net-veined, 30. 

Nitrogen gas, 149. 

Node, 41. 

Noli-me-tangere, 88. 

Nucleus, ix. 

Nut, 82, viu h. 

Oak, 9, 82. 
Oblanceolate, v g. 
Obovate, v g. 
Obtuse, vt. 
Octandrous, vii h. 
Offset, iii h. 
Onagracese, 92. 
Opposite, 41, iv. 
Opposite leaves, 185, v 6. 
Orchidacese, 233, 241. 
Orchis morio, 241. 
Organic elements, 149. 
Orthotropous, ix b. 
Oval, V g. 
Ovary, 28, vii/. 
Ovate, V g. 
Ovule, vii/ ix. 
Oxygen gas, 149. 

Pale, 239. 

Pahnate, 188, v/. 

Palmately-veined, 187, v e. 

Panicle, 238, vi c. 

Pappus, 84, 224, vii c. 

Parallel-veined leaf, 30, 187, v e. 

Parasites, 180, ii. 

Parietal placentation, 58, vii /. 

Parsley, 211. 

Pea, 13. 

Pedicel, vi h. 

PiBduncle, vi 6. 

Peltate leaf, 187, v c. 

Pentandrous, vii h. 

Pendent in the ovary, 136, ix a. 

Perennial, 240, i. 

Perfect, 114, vii. 

Perfoliate leaf, 186, v c. 

Perianth, vii a. 

Perigynous, vii h. 

Persistent, 47, vii c. 

Petal, 27, vii a. 
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Petiole, petiolate, v c 
Pine family, 229. 
Pink family, 55. 
Pinnate, 66, 188, v/. 
Pinnately veined, 41, 187, v e. 
Pistil, 28, vii/. 
Pistillate, 62, viL 
Pistillate flowers of hazel, 80. 
Pith, 161. 
Placenta, 45. 
Placentation, 50, vii/. 
Plantlet, 135, x. 
Plumule, X. 
Polemonium, 209. 
Pollen, 27, vii e. 
Pollen-mass, 243. 

Pollen of campion, cherry, evening 
primrose, melon, and musk, 109. 
Polyadelphous, vii h. 
Polyandrous, vii h. 
Polymorphous, 209. 
Polypetals, 204. 
Polypetalous, vii h. 
Polyphyllous, vii ft. 
Polysepalous, vii h. 
Pome, 77, viii a. 
Poppy capsule, 85. 
Primine, ix. 
Primula sinensis, 115. 
Primrose, 19, 24. 
Primrose (running down'of) 206. 
Prostrate stem, iii a. 
Pseudo achene, 83. 

Quake-grass, 238. 

Quake-grass (running down of), 239. 

Quincuncial, vii c. 

Raceme, 212, vi h. 
Racemose, vi c. 
Radical, 31, v a. 
Radicle, 134, x. 
Ranunculaceae, 37. 
Raphe, ix. 
Ray-bearers, 227. 
Receptacle, 43. 
Reflexed, vii c. 
Regular (calyx), vii c, d. 
Regular (corolla), vii d, 
Restio, 209. 

Reticulated vessels, 169. 
Rhizome, 174, iii h. 
Rind, 169. 



Roots (growth of), 177. 

Rootlet, 177. 

Rose-branch (monstrous growth of), 

Rostellum, 244. [106. 

Rotund, V g. 

Rubus, 209. 

Rudimentary pistil, 232. 

Runners, 174, iii a. 

Rush family, 235. 

Sagittate, y g, 
Sagittaria sagittifolia, 233. 
Salix, 209. 

Salvia splendens, 125. 
Samara, 83, viii h, 
Samolus valerandi, 21. 
Sandalwood, 209. 
Sapwood, 164. 
Scotch fir, 229. 
Scrophularia, 119. 
Scrophularinese, 50. 
Secundine, ix. 
Sedges, 208. 
Sedge family, 236. 
Sedum acre, 41. 
Seeds, 129, ix. 
Seed-leaves, 133, x. . 
Senecio vulgaris, 228. 
Sepals, 27, vii a. 
Serrate, 189, v h. 
Sessile leaves, 47, 186, v c 
Setose, V L 
Shape, iii, v g. 
Sheathinff leaves, v c. 
Shepherds-purse, 213. 
Simple leaf, 188, v/. 
Sinuate, v h. 
Snapdragon capsule, 85. 
Snapdragon stamen, 102. 
Spadix, 232. 
Spathe, 232. 
Species, 205. 

Spike, 212, 238, 244, vi ft. 
Spikelet, 237. 
Spine (branch), 172, iii c. 
Spine (leaf), 191. 
Spine (stipule), 191. 
Spiral vessel, 166. 
Spurge, 229. 
Spurge.family, 228. 
Spurge stem, 163. 
Stalked leaves, 186. 
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Stamen, 27, vii e. 

Stamen of barberry, 108. 

Stamen of heath, 108. 

Stamen (morphology of), 97. 

Staminate, 52, viL 

Staminate catkin of hazel, 80. 

Standard, yii d. 

Stem, 171. 

Stemlet, 145. 

Stigma, 28, vii /. 

Stigmatic surface, 53. 

Stipule, 67, V d. 

Stock, 31. 

Stomata, 159. 

Stonecrop, 41, 46. 

Strap-shaped, 225, 227. 

Strawberry runner, 174. 

Strawberry (monstrous growth of), 

107. 
Style, 28, vii /. 
Sub-classes, 204. 
Sub-species or varieties, 205. 
Succulent stem, 176. 
Sucker, 174, iii 6. 
Superior, vii h. 

Sutural seed-an-angement, vii/. 
Suture, 36, vii /. 
Syncarpous, 59, vii h, 
Syncarpous drupe, 93. 
Syngenesia, 201. 
Syngenesious, 223, vii h. 

Tamariso, 209. 
Taproot, 179, ii. 
Teasel family, 223. 
Tegmen, x. 
Tendrils, 173. 
Terminal, 107. 
Temate, v/. 
Testa, X. 

Tetradjmamia, 201. 
Tetradynamous, vii b. 
Tetrandrous, vii 6. 
Thalamiflorals, 89, 204. 
Thalamus, 89. 
Thistle-heads, 227. 



Thorns, 191, iii c. 

Throat, vii c. 

Tomatose, v I. 

Triandria, 201. 

Triandrous, vii h. 

Tripinnate, v/. 

Tritemate, v/. 

Tube (calyx), vii c 

Tuber, 174, ui b. 

Tuberous root, 179, ii. 

Tulip (monstrous growth of), 104. 

Twisted, vii c. 

Typhaceae, 231. 

Umbel, 213, vi b. 
Umbellate family, 217. 
Upright in seed, 135. 
Urticaceae, 95. 

Vallbsneria spiralis, 112. 
Valvate, vii c. 
Vegetable marrow, 9. 
Ventral suture, vii /. 
Versatile anther, vii e. 
Verticil, verticillate, iv, v b. 
Vessels, 154. 
Vine (tendrUsof), 173. 
Viola tricolor, 56, 141. 
Virginian creeper, 193. 
Viscid disc, 243. 
Vittae, 219. 

WAMi-PLOWER, 6, 23. 

Walnut, 92. 

Water (composition of), 149. 

Water-lily, 99. 

Wavy, V h. 

WeUingtonia, 165. 

Wheat, 146. 

Whorl, whorled, 185, iv, v b. 

Willow herb, 89, 91. 

Wood (dicotyledonous), 161. 

Wood (monocotyledonous), 169. 

Wood-rush, 236. 

Woody fibre, 167. 

Yellow flag, 234. 
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It contains in a short compass, an 
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intended for the Public Schools, but een- 
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pirants, high pressure reformers, and even 
Members of the House of Commons, that 
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The work is not only baseid upon die most 
authoritative guides on Uie subject, but it 
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standard authorities. The index, the glos- 
sary, and the explanations given of difficult 
, and technical terms will be all found of use 
by the student. It is an admirable guide, 
and worthy of our warmest commen&tion. 
It is impossible to compriess more valuable 
and trustworthy information in so small a 
compass." — Standard, 
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Edition of Boswell's Life of 
Johnson. 
By Francis Storr, B.A. 

Hallam's Constitutional History. 
By H. H. Boyd, late Scholar 
of Brasenose College , Oxford, 



[See Specimen Page, No, 9.) 

%♦ The General Introduction to the Series will be found in Thomson's- 
Winter. 
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SELECT PL A YS OF SHAKSPERE 

RUGBY EDITION. 

With an Introduction and Notes to each Play. 

Small 8vo. 

As You Like It. 2^.5 paper cover, ij.6</. 

Edited by the Rev. Charles E. Moberly, M.A., Assistant- Master 
in Rugby School^ and formerly Scholar of Balliol College^ Oxford, 

Macbeth. 2j. ; paper cover, IS, 6d, 
Edited by the Same. 

CORIOLANUS. 2J. 6d. ; paper cover, 2s, 

Edited by Robert Whitelaw, M.A., Assistant-Master in Rugby 
School, formerly Fellow of Trinity College, Cambridge, 

ilAMLET. 2s, 6d. ; paper cover, 2s, 

Edited by the Rev. Charles E. Moberly, M.A. 



English Grammar for English 

Schoolboys, 

An Introduction to English Etymology and Accidence, Syntax and 
Analysis, Style and Prosody. 

By Francis Storr, B.A., Assistant-Master at Marlborough College, 

Small 8vo. \In preparation, 

A Practical Introduction to English 

Prose Composition. 

An English Grammar for Classical Schools, with Questions, and a 
Course of Exercises. 
By Thomas Kerchever Arnold, M.A. 

Ninth Edition. i2mo. 4J-. (id. 
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MATHEMATICS 

The foIloMring Schools, amongst many others, use this Series : — Eton : 
Harrow: Winchester: Charterhouse: Marlborough: Shrewsbury: Chelten- 
ham : Clifton College : City of London School : Haileybury : Tonbridge : 
Durham : Fettes College, Edinburgh : Owen's College, Manchester : H.M/s 
Dockyard School, Sheemess : The College, Hurstpierpoint : King William's 
College, Isle of Man : St. Peter's, Clifton, York : Birmingham : Bedford : 
Kelsted : Christ's College, Finchley : Liverpool College : Windermere 
College : Eastbourne College : Brentwood ; Perse School, Cambridge. 
Also in use in Canada, the other Colonies, and some of the Government 
Schools in India. 

OPINIONS OF TUTORS AND SCHOOLMASTERS. 

^ ** I hare great pleasure in expressing my 
opinion of your Mathematical books. Wc 
have for some time used them in our Lec- 
ture Room, and find them well arranged, 
and well calculated to clear up the difficul- 
ties of the subjects. The examples also 
are numerous and well-selected.— A^. M, 
J'^errgrs, M.A.^ Fellow and Tutor of GoH' 
vUle and Caiut College^ Cambridge. 

** I have used in my Lecture Room Mr. 
Hamblin Smith's text-books on Algebra, 
Trigonometry, Mechanics, and Hydrosta- 
tics with very great advantage. I consider 
them admirably adapted for preparing stu- 
dents for the general examination for B.A. 
degrees, and for the extra subjects recjuired 
in uie previous examination from candidates 
for honours. They are distinguished by 
great clearness of explanation and arrange- 
ment, and at the same time by great scien- 
tific accuracy." — James Porter ^ M.A., 
Fellow and Tutor oj St. Peter's College, 
Cambridge. 

** Many students who attend my classes 
have used with great benefit to themselves 
Mr. Hamblin Smith's books, especially his 
Algebra and Arithmetic. Mr. Smith's 

5reat experience enables him to see the 
if&culties which trouble beginners, and he 
knows how to remove those difficulties. 
The examples are well arranged. For 
beginners there could be no^ better books, 
as I have found when examining different 
schools."—^. W. W. Steel, M.A., Fellow 
andAssistant- Tutor of Gonville andCaius 
College, Cambridge. 

** I consider Mr. Hamblin Smith's Mathe- 
jnatical Works to be a very valuable series 



for beginners. His Algebra in particular 
seems to me to be manced by a singular 
clearness in the explanations, and by great 
judgment in the selection and arrangement 
of the exercises ; and after my exi>erience 
of it in the Lecture Room, I think it b the 
best book of its kind for schools and for the 
ordinary course atCambridge.**— -P./'a/w^, 
M.A., Fellow and Tutor of Magdalen 
College^ Cambridge. 

** 1 beg to state that I have used Mr. 
Hamblin Smith's various mathematical 
works extensively in my Lecture Room 
in this College, and have found them 
admirably adapted for class teaching. A 
person who carefully studies these books 
will have a thorough and accurate know- 
ledge of the subjects on which they treat." 
—H. A. Morgan, M.A., Tutor of Jesus 
College, Cambridge. 

'*\ can say with pleasure that I have 
used your books extensively in my work at 
Haileybury, and have found them on the 
whole well adapted for hoys."— Thomas 
Pitts, M.A., Assistant Mathematical 
Master at Haileybury Collide. 

** Your Arithmetic, Algebra, Euclid, and 
Trigonometry have been used here for 
several years. I have great pleasure in 
saving that I consider them most excellent 
school-books. The Algebra Ls certainly 
the best book published of its kind. I can 
strongly recommend them all." — WJfenry, 
M.A .,Sub- Warden, Trinity College, Glen- 
almond. 

" I have used all Mr. Hamblin Smith's 
Mathematical Works with my pupils, and 
have invariably found that greater progress 
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lade than when using other 
e same subjects. I believe the 
U student, in the earlier part 
ng, cannot do better than con- 
ention to these works. The 
IS are simple and straightfor- 

the arrangements of the text 
inting are admirable. The 
e not too long, and they all 
lerous Examples worked out, 

for exercise. His edition of 
lot be too highly commended, 
ipil will always find the figure 
ext, and, I may add, I have 
a work on Geometry in which 
of the Xlth Book so forcibly 
^e with their meaning. Mr. 
liminated the so-called Rule of 
his Arithmetic, and substituted 
onal method of First Principles. 
Igebra and Trigonometry are 
for Schools. Numerous illus- 
nples worked out with well- 
ctions for practice will be found 
cs and Hydrostatics. In all 
iswers are given at the end of 

I consider Mr. Smith has sup- 
t want, and cannot but think 
rks must command extensive 

schools." — y. Henry y B.A.^ 
rr, H.M. Dockyard School, 
%nd Instructor of Engineers^ 

:ertainly be delighted to have 
ity of bearing testimony to the 
ir work on Statics as a school 
I have used it from the time it 
:d, and find it preferable on 
Is to any other text-book of a 
*e with which I am acquainted. 

two of my pupils to read at 
and found they had gained a 
jwledge of the subject without 
that is I think in itself a fair 
earness of the book. I shall be 
f this expression of my opinion 
ly service to you in any way." 
ime, M. A. t Assistant-Master 
>ugk College. 

i used your Algebra and Trigo- 
tensively at this School from 
;y were first published, and I 
igree with every mathematical 
ave met, that, as school text- 
have no equals. The care you 
to make clear everv step, and 
LOse points which always used 
e boy-intellect, has rendered 
Its capable of being read, both 

it usually took to read one. 



The ample supply of easy problems at the 
end of each chapter enables the student to 
acquire confidence in his own powers, and 
taste for his work — qualities, as every 
teacher knows, indispensable to success. 
We are introducing your Euclid gradually 
into the School." — Rev. B.Edwardes, sen., 
Mathematical Master at the College, 
Hurstpierpeint, Sussex. 

" I nave much pleasure in stating that 
we have for some time used your Algebra 
and Trigonometry, and found them admi- 
rably adapted for the purposes of elemen- 
tary instruction. I consider them to^ be 
the best books of their kind on the subject 
which I have yet seen." — Joshua Jones, 
D.C.L., Head-Master, King WUliam's 
College, Isle of Man. 

" The Algebra is the gem of the series, 
especially as compared with other works 
on the subject — no point is left unex- 
plained, and all is made perfectly clear. 
The series is a model of clearness and in- 
sight into possible difficulties ; by the aid 
of these works a student has only his own 
inattention to thank if he fails to make 
himself master of the elements of the 
various subjects." — Rev. J. F. Blake, 
St. Peter's College, Clifton, York. 

"Your works on elementary Mathe- 
matics have been in constant use in this 
School for the last two or three years, and 
I for one have to thank you very much for 
elucidating many points which have always, 
in my experience, formed great stumbling- 
blocks to pupils. I have no doubt the 
better these works are known, the more 
generally will they be adopted in Schools." 
— ^. L. Taylor, M.A., Head-Master of 
the Ruabon Grammar School. 

*' I have very great pleasure in express- 
ing an opinion as to the value of these books. 
I have used them under very different cir- 
cumstances, and have always been satisfied 
with the results obtained. The Algebra 
and Geometry I have used with science 
classes, with students ]^reparin^ for various 
competitive examinations, with private 
pupus, and have seen them adopted and 
used in ordinary school-work, and always 
with success. The Trigonometry and Hy- 
drostatics I have used sdmost as extensively 
and still with complete satisfaction. In 
most books one can generally point out 
particular chapters which seem more satis- 
factory than the rest ; but in attempting to 
do this with the Algebra, I find myself 
desirous of noticing almost all the principal 
chapters."— C. H. W. Biggs, Mathemati- 
cal Editor of the English Mechanic, 



LONDON, OXFORD, AND CAMBRIDGE. 



8 AfESSJ^S. RIVING TON'S [lEATHEUATICS. 

RIVING TONS' MATHEMATICAL SERIES— con^vie^ 

Elementary Algebra. 

By J. Hamblin Smith, M.A., of GonvilU and Caius College^ and 
late Lecturer at St. Peter's College, Cambridge, 

i2nio. 3^. Without Answ-rs, 2s, 6d, 
{See Specimen Page, No. 6.) 

A Key to Elementary Algebra. 

Croi^Ti 8vo. 

Algebra. Part II. 

By E. J. Gross, M.A., Fellow of Gonville and Caius ColU^^ 
Cambridge. 

Crown 8vo. [Nearly ready. 

Exercises on Algebra. 

By]. Hamblin Smith, M.A. 

i2mo. 2s. 6d. 
Copies may be had without the Answers. 

A Treatise on Arithmetic. 

By J. Hamblin Smith, M.A. 

Second Edition, revised. i2ino. 3j. 6d. 
{See Specimen Page, No. 4.) 

Elements OF Geometry. 

By J. Hamblin Smith, M.A. 

i2mo. 3 J. 6d. 

Containing Books I to 6, and portions of Books 11 and 12, of 
Euclid, with Exercises and Notes, arranged with the Abbreviations 
admitted in the Cambridge Examinations. 

Part I., containing Books I and 2 of Euclid, limp cl6th, is. 6d., may 
be had separately. 

{See Specimen Page, No. 3.) 

Geometrical Conic Sections. 

By G. Richardson, M.A., Assistant-Master at Winchester ColU^tt 
and late Fellow of St. john^s College, Cambridge. 

Crown 8vo. 4r. (>d. 
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Trigonometry. 

By J. Hamblin Smith, M.A. 

i2mo. 4^. 6(/. 

{^See Specimen Page^ No, 5.) 

Elementary Statics. 

By J. Hamblin Smith, M.A. 

i2mo. 3J. 

Elementary Hydrostatics. 

By J. Hamblin Smith, M.A. 

i2mo. 3^". 



Arithmetic^ Theoretical and Practical. 

By W. H. GiRDLESTONE, M.A., of Chrisfs College^ Cambridge^ 
Principal of the Theological College^ Gloucester . 

New Edition. Crown 8vo. 6s, 6d, 
Also a School Edition. Small 8vo. 31. 6d. 

A rithmetic for the Use of Schools. 

With a numerous Collection of Examples. 

By R. D. Beasley, M.A., Head-Master of Grantham Grammar 
School. 

i2mo. 3 J. 
The Examples separately :— Part I. &/. Part II. is, 6d. ' 
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SCIENCE 

Preparing for Publication, 

SCIENCE CLASS-BOOKS 

Edited by 
The Rev. ARTHUR RIGG, M.A., 

LATE PRINCIPAL OP THB COLLEGE, CHESTER. 

These Volumes are designed expressly for School use, and by 
their especial reference to the requirements of a School Class-Book^ 
aim at making Science-teaching a subject for regular and methodical 
study in Public and Private Schools. 

An Elementary Class-Book on Sound. 

By George Carey Foster, B.A., F.R.S., Fellow of and Professor 
of Physics in. University College, London, 

An Elementary Class-Book on Electricity. 

By George Carey Foster, B.A., F.R.S., Fellow of, and Professor 
of Physics in. University College, London. 

Botany for Class-Teaching. 

With Exercises for Private Work. 

By F. E. Kitchener, M.A., F.L.S., Assistant- Master at Rughy 
School, and late Fellow of Trinity College, Cambridge. 

Other Works are in preparation. 



A Years Botany. 

Adapted to Home Reading. 
By Frances Anna Kitchener. 

With Illustrations. Crown 8vo. [/// the Press, 
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Easy Introduction to Chemistry. 

he use of those who wish to acquire an elementary knowledge of 
ibject, and for Families and Schools. 

'ited by the Rev. Arthur Rigg, M. A., late Principal of The Col- 
Chester, 

With Illustrations. 
iJSee Specimen 

dom come across a work of 
city in chemistry as this. It 
in the hands of every student 
y." — Chemical Review. 
ire a simplicity and a clearness 
ription and explanations given 
: volume which certainly com- 
iie attention of the young." — 



a very pretty, very easy, and 
mprehensive little book. The 

is clearly conveyed, and the 

as neatly and prettily executed 

*— 'Educational Times. 

le st^le is exceedingly simple, 

hing is precise and dear. The 

of chemical apparatus are 
he directions how to use them 
to a very young reader."— 
Courant. 

uched in the simplest possible 
> that it may be suitable to the 
est students of chemistry." — 
the Society of Arts. 
luch pleased with Mr. Rigg's 
which enables me to give my 
sons in chemistry. Even the 
re asking questions about the 
. The work supplies a want 
een long felt, and I hope it will 
xtensive sale." — W. Severn^ 
^ H,M, Inspectors of Schools. 
in style, full of correct matter, 
lustrated, it will prove a most 
oduction to the subject." — 

:ourses upon such themes in an 
aining manner, conveying at 
ne much practical information, 
aber of simple experiments are 
jid illustrated by woodcuts."— 

:hor, who was formerly princi* 
lolle^e at Chester, is an experi- 
iractical teacher, and therefore, 
e expected, we find the work 
gently written and judiciously 
) that the student progresses by 
teresting stages without expe- 
^ feeling of tcdiousness. Several 
adorn »che pages, and the let- 
id paper are well selected."— 

!d be difficult to name a work 



Crown 8vo. 3^. 6^. 

Page^ No, 2.) 

more calculated to foster a taste for the 
study of Chemistry in the minds of thu 
young." — Chemical News, 

"We have rarely met with a more 
* concise yet full ' manual for students, 
whether among our inquiring juveniles or 
children of larger growth. Technical terms 
are either avoided or lucidly explained. 
The illustrations are striking, and such as 
fasten on the memory. Thus, in less than 
a couple^ of hundred pages, this newest 
compendium wonderfulljr popularizes the 
neeaful study and elucidates the untold 
utility of chemistry. In one sense it is a 
book for all a|^es and all occupations, 
literally 'An Easy Introduction to Che- 
mistry.' " — Liverpool Mail. 

"This is exactly such a work as we 
should recommend for the perusal of those 
who desire to gain quickly an intelligent 
general idea of chemistry." •— Sheffield 
Daily Telegraph. 

**A book suike intelligible and inter- 
esting, which conveys in a pleasant manner* 
accurate and reliable elementary know* 
ledge."— yohu Bull. 

As a present for the young we know of 
no more interesting and* improving work 
than that of Mr. Rigg upon chemistry."— 
Cambridge Chronicle. 

" Without discovering a royal road to 
learning, Mr. Ri^g has made this road- 
book easy and mteresting."— ^Mr Own 
Fireside. 

"This is a very useful and readable 
little book."— i'a««</(pr*' News Letter. 

*' Interesting and Accurate."— 'Inverttess 
Courier. 

'' It is !)o lively in its style, and practical 
in its applications, that it would keep awake 
a wearied man, and almost tempt a youth 
to cast aside his ' Robinson Crusoe.' "— 
Western Morning News. 

"The arrangement of the different 
branches of the subject is good, and the 
experiments very numerous. The work is 
well illustrated.'^— ^r(pA/<»« Gazette, 

'*.... The book will make a useful 
present to an inquiring boy or girl." — Iron. 

" Needs no apology for its appearance." 
— Leeds Mercury. 

"For use in schools, we know of no better 
hook."-'Doctor. 
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Rlcmentary Rtdes of Latin Prom 

ciation. 

Especially drawn up for use in Schools. 

By Arthur Holmes, M.A., Senior Fellow and Dean of 
College^ Cambridge^ and late Preacher at the Chapel Royal, Whi 
Editor of* * Catena Classicorum.** 

Crown 8vo. On a card, 9</. 

Outlines of Latin Sentence Const? 
tion. 

Demy 8vo. On a card, is, 6d» 

Easy Exercises in Latin Prose. 

With Notes. 
By CH>fRLES Bigg, M.A., Principal of Brighton College. 
Small 8vo. u. 4//, j sewed, ^d, 

Latin Prose Exercises. 

For Beginners, and Junior Forms of Schools. 

By R. Prowde Smith, B.A., Assist, -Master at Cheltenham C 

[This Book can be used with or without the Public School ] 
Primer.] Second Edition. Crown 8vo. 2s. 6d. 

" This is certainly an improvement on to assist beginners in doing the Lati 

the grammar-school method, and may be a cises. We quite agree with Mr. Si 

step in the way of teaching English before to the necessity of some knowie 

Latin." — Examiner. English and the principles of Gn 

"The plan upon which these exercises as a qualification for writing Latii 

are founded is decidedly a good one, and correctly. His explanation of th> 

none the less so that it is a very simple difficult constructions and idioms 

one." — Educational Times. distinct, and altogether the book is 

"This book differs from others of the satisfactory." — Athenteum. 
same class in containing lessons in English 
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"Henrys First Latin Book. 

By Thomas Kerchever Arnold, M.A. 
Twenty-first Edition. i2mo. 3J. Tutor's Key, u. 

4. Practical Introduction to Latin 

Prose Composition. 

By Thomas Kerchever Arnold, M.A. 

Sixteenth Edition. 8vo. ts, dd. Tutor's Key, i^. 6d, 

Zornelius Nepos. 

With Critical Questions and Answers, and an Imitative Exercise 
on each Chapter. 
By Thomas Kerchever Arnold, M.A. 
Fifth Edition. i2mo. 4^. 

A First Verse Book. 

Being an Easy Introduction to the Mechanism of the Latin Hexa- 
meter and Pentameter, 
^j/ Thomas Kerchever Arnold, M.A. 

Eleventh Edition. i2mo. 2s, Tutor's Key, is. 

Progressive Exercises in Latin 

Elegiac Verse. 

By C. G. Gepp, B.A., late Junior Student of Christ Churchy Oxford; 
Head- Master of the College^ Stratford'On-Avon, 

Third Edition, Revised. Crown 8vo. y. 6d. Tutor's Key, $s. 

Selections from Livy, Books viii. 
and IX. 

With Notes and Map. For School use. 

By K .Calvert, LL.D., St. John^s College^ Cambridge; sometime 
Assistant' Mcuter in Shrewsbury School; and R. Saward, M.A., 
Fellow of St. John^s College^ Cambridge; Assistant- Master in Shrews- 
bury School. 

Small 8vo. zr. 
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New Edition, rC'^rranged, with fresh Pieces and euidiiional Re/erenees, 

Materials and Models for Latin 

Prose Composition. 

Selected and arranged by J. Y. SarOENT, M.A., Fellow and Tutor 
of Magdalen College, Oxford; and T. F. Dalun, M.A., Tutor, late 
Fellow, ofQueen^s College, Oxford, 

Crown 8vo. [In the Press, 

The Editors have determined to work out in greater detail in this Second 
Edition the principles on which the First Edition of * Materials and Models' 
was constructed. 

With this view they have recast the whole work, and divided it into 
two parts, one Latin and one Greek. 

Each passage has been furnished with a heading. They have re*arranged 
the pieces under additional subordinate heads, grouping together those 
passages which are cognate in matter or form. Thus, under Historical 
are ranged Sieges, Battles, &c., &c. ; under Philosophical, Literary Criti- 
cism, Ethics, Speculations on God, a Future State, &c. ; while Characters 
have been placed in a section by themselves. This grouping will facilitate 
reference, but another feature has been added of more importance still, 
viz. reference to subjects ; for in addition to the particular reference at the 
end of each piece, a group of references has been prefixed to each separate 
section, so that the student having selected a subject or passage of a certain 
kind, say a sea-fight, to translate or treat as an original &eme, may be able 
to refer at once to those passages in the best Classical Authors where sea- 
fights are described ; or if he wishes to write a character he may be enabled 
to see at a glance where the typical characters of classical antiquity are to 
be found. 

In the present Edition the old references have been verified and fresh 
ones added ; new pieces of English have been inserted, or in some cases 
substituted for the old ones. — From the Preface, 

Latin Version of (60) Selected Pieces 

from Materials and Models. 

By J. Y. Sargent, ^^.A. 

Crown 8vo. 5j. 
May be had by Tutors only, on direct application to the Pttblishers. 

Classical Examination Papers. 

Edited, with Notes and References, by P. J. F. Gantillon, M.A., 
Classical Master in Cheltenham College. 

Crown 8vo. ^s, 6d. 
Or interleaved with writing-paper, half-bound, lOf. 6d. 



Eclogoe OvidiancB. 



From the Elegiac Poems. With English Notes. 
£y Thomas Kehchy.v'e.^ k«L^o\A>, M.A. 

TViirteenl)a.'E.d\^oTi. laxfto. o^.^. 
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Terenti Comoediae. 



Edited by T. L. Papillon, M. A., Fellow of New College, and late 
Fellow of Merton, Oxford, 
Andria kt Eunuchus. 

Crown 8vo. 41. dd. 
Forming a Part of the •• Catena Classicorum^'' 



yuvenalis Satirae. 

Edited by G. A. SiMCOX, M.A., Fellffio and Classical Lecturer of 
Queen^s College, Oxford, 
Thirteen Satires. 

Second Edition, enlarged and revised. Crown 8yo. 5^. 
Forming a Part of the** Catena ClassicorumP 



Persii Satirae. 



Edited by K, Pretor, M.A., of Trinity College, Cambridge, Classical 
Lecturer of Trinity Hall, Composition Lecturer of the Perse Grammar 
School, Cambridge, 

Crown 8vo. y, 6d, 
Forming a Part of the ** Catena Classicorum,^^ 



Horati Opera. 

By J, M. Marshall, M.A., Assistant- Master in Dulwich College, 

[In the Press, 
Forming a Part of the** Catena Classicorum,^^ 



Taciti Historiae. 



Edited by W. H. SiMCOX, M.A., Felloiv and Lecturer of Queen's 
College, Oxford, 

Crown 8vo. [In the Press, 

Forming a Part of the** Catena ClassicorumP 
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A Table of Irregular Greek Verbs. 

Classified according to the arrangement of Curtius*s Greek Grammar. 
By Francis Storr, B.A., Assistant- Master in Marlborough College^ 
late Scholar of Trinity College^ Cambridge^ and Bell University Scholar » 

On a Card. u. 

A Greek Grajmnar. 

By Evelyn Abbott, Lecturer in Balliol College^ Oxford^ and late 
Assistant- Master in Clifton College, 

Part I. Crown 8vo. \Nearly ready. 

Selections from Lucian. 

With English Notes. 

By Evelyn Abbott, Lecturer in Balliol College^ Oxford^ and late 
Assistant- Master in Clifton College, 

Small 8vo. 3^. (id. 



** It is by far the best school edition we 
have seen."Stamiard. 

" Mr. Abbott has done wisely in publish- 
ing a selection from Lucian, an author, 
part of whose writings are just suited to 
boys who know enough Greek to read an 
easy prose author. His references to the 
English poets and the exercises for re- 
translation arc good points in his book." — 
AtAemeum. 

" Lucian is certainly an author who de- 
serves to be more read than he is. His 
style is easy enough, and his matter by no 
means uninteresting. Perhaps these selec- 
tions may do something towards populariz- 



ing him. They seem well-chosen and the 
notes are ample. . . , The introduction, 
giving a sketch of Lucian and his works 
is very well and pleasantly written."— 
Ediicational Time*. 

"We arc predisposed to welcome Mr. 
Abbott's selections from a favourite author, 
more producible and easier to master than 
Aristophanes, and yet little, if at all, less 

entertaining We have found the 

critical and explanatory notes sound and 
serviceable. . . .The dialogues, of which 
Mr. Abbott supplies such excellent samples, 
will be excellent and delightful reading."— 
Saturday Review, 



Stories from Herodotus. 



The Tales of Rhampsinitus and Polycrates, and the Battle of Mara- 
thon and the Alcmaeonidae. In Attic Greek, 

Adapted for use in Schools^ by J. SuRTEES Phillpotts, M.A., Assis- 
tant-Master in Rugby School; formerly Fellow of New College^ Oxford. 

Crown 8vo. \s, 6d, 
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lophon: an Introduction to the Art 

of Writing Greek Iambic Verses. 

By the Writer ofNuces " and ** Lucretilis,'' 

Crown 8vo. 2s. 

In use at Eton College. 

" This book contains a number of easy and, we think, likely to be very useful to 

exercises, to be turned into Iambics. There the class for whom they are designed."— 

are also some instructions for beginners in Educational Times, 
Greek verse-making, which are clearly put. 

The First Greek Book. 

On the plan of " Henry's First Latin Book." 
By Thomas Kerchever Arnold, M.A. 

Sixth Edition. i2mo, 5/. Tutor's Key, is. 6d. 

A Practical Introduction to Greek 

Accidence. 

By Thomas Kerchever Arnold, M.A. 
Ninth Edition. 8vo. 5^. dd. 

A Practical Introduction to Greek 

Prose Composition. 

By Thomas Kerchever Arnold, M.A. 

Twelfth Edition. 8vo. 5^. dd. Tutor's Key, I/. 6</. 

Madvigs Syntax of the Greek Lan- 

guage, especially of the Attic Dialect. 

Tot the use of Schools. 
Edited fy Thomas Kerchever Arnold, M.A. 
New Edition. Imperial l6mo. &r. 6d. 
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SCENES FROM GREEK FLA YS 

RUGBY EDITION 

Abridged and adapted for the use of Schools , by 
ARTHUR SIDGWICK, M.A., 

AS^JSTANT-MASTBR AT RUGBY SCHOOL, AND POKMBRLY FELLOW OP 
TRINITY COLLXCB, CAMBRIDGB« 

Small 8vo. ix. 6d. each. 

Aristophanes. 

the clouds. the frogs. the knights. plutus. 

Euripides. 

iphigenia in tauris. the cyclops. ion. 

ELECTRA. ALCESTIS. 



" Mr. Sidgwick has put on the title-pages 
of these modest little volumes the words 
'Rugby Edition/ but we shall be much 
mistaken if they do not find a far wider 
circulation. The prefaces or introductions 
which Mr. Sidgwick has prefixed to his 
' Scenes ' tell the youthful student all that 
he need know about the play that he is 
taking in hand, and the parts chosen are 
those which give the general scope and 
drift of the action of the i>\ay. "--School 
Board Chronicle. 

**Each play is printed separately^ on 
good p£K>er, and in a neat and handy form. 
The difncult passages are explained by the 
notes appended, which are of a particularly 
useful and intelligible kind. In all respects 
this edition presents a very pleasing con- 
trast to the German editions hitherto in 
general use, with their Latin explanatory 
notes — themselves often requiring explana- 
tion. A new feature in thLs edition, which 
deserves mention, is the insertion in English 
of the stage directions. By means of them 
and the argument prefixed, the study of the 
play is much foa^x^tA." -—Scotsman. 

** A short preface explains the action of 
the play in each case, and there are a few 
notes at the end which will clear up most 
of the difficulties likely to be met with by 
the young student." — Educational Times. 

** Just the book to be put into the hands of 
boys who are reading Greek plays. They are 

{See Specimen 



carefully and judiciously edited, and form 
the most valuable aid to tne study of the ele- 
ments of Greek that we have seen for many 
a day. The Grammatical Indices are espe- 
cially to be commended."— -i4/A«»<rwm., 

" These editions afifbrd exactly the kind 
of help that school-bovs require, and are 
really excellent^ class-books. The notes, 
though very brief, are of much use and 
always to the point, and the arguments and 
arrangement of the text are equally good 
in their way." — Standard. 

** Not professing to give whole dramas, 
with their customary admixture of iambics, 
trochaics, and choral odes, as pabulum for 
learners who can barely digest the level 
speeches and dialogues commonly confined 
to the first-named metre, he has arranged 
extracted scenes with much tact and skill, 
and set them before the pupil with all need- 
ful information in the shape of notes at the 
end of the book ; besides which he has added 
a somewhat novel, but highly commendable 
and valuable feature — ^namely, appropriate 
headings to the commencement of each 
scene, and appropriate stase directions dar- 
ing its progress.'*— Saturday Review. 

** These are attractive little books, no^'el 

in design and admirable in execution 

It womd hardly be possible to find a better 
introduction to Aristophanes for a young 
student than these little books afford."-' 
London Quarterly Review, 

Page, No, 8.) 
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Homer for Beginners. 

Iliad, Books I.— III. With English Notes. 
By Thomas Kerchever Arnold, M.A. 

Third Edition. i2mo. 3^-. 6^. 

The Iliad of Homer. 

From the Text of Dindorf. With Preface and Notes. 

By S. H. Reynolds, M. A., Fellow and Tutor of Brasenose College^ 
Oxford, 

Crown 8vo. 

Books I.— XII. 6j. 

Forming a Part of the ** Catena Classicorum,^* 



The Iliad of Homer. 



With English Notes and Grammatical References. 
By Thomas Kerchever Arnold, M.A. 

Fourth Edition. i2mo. Half-bound, lis, 

A Complete Greek and English 

Lexicon for the Poems of Homer and 

the HomeridcB. 

By G. Ch. Crusius. Translated from the German, Edited by 
T. K. Arnold, M.A. 

New Edition. i2mo. 9^. 

In the Press, New Edition, re^arranged, with fresh Pieces and additional 

References, 

Materials and Models for Greek 

Prose Composition, 

Selected and arranged by J, Y. Saroent, M. A., Fellow and Tutor 
of Magdalen College, Oxford; and T. F. Dallin, M.A., Tutor, late 
Fellow of Queen* s College, Oxford, 

Crown 8vo. 

{See Page 14.) 

Greek Version of Selected Pieces front 

Materials and Models, 

By J. Y. Sargent, M.A. 

Croiwri 8v6. 7J. dd, 
[May be had by Tutors only, oh direct Application to the Publishers.] 
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Classical Examination Papers. 

Edited^ with Notes and References^ by P. J. F. Gantillon, M.A., 
sometime Scholar of St, JohtCs College^ Cambridge; Classical Master 
at Cheltenham College. 

Crown 8vo. *js, 6d, 
Or interleaved with writing-paper, half-bound, lor. 6d, 

Demosthenes. 

Edited, with English Notes and Grammatical References^ by Thomas 
Kerchever Arnold, M.A. 

i2mo. 
Olynthiac Orations. Third Edition, y. 
Philippic Orations. Third Edition. 41. 
Oration on the Crown. Second Edition. 41. 6^. 

Demosthenis Orationes Privatae. 

Edited by ARTHUR Holmes, M.A., Senior Fellow and Dean of 
Clare College^ Cambridge, and late Preacher at the Chapel Royal, 
Whitehall. 

Crown 8vo. 
De Corona. 5/, 

Forming a Part of the ^^ Catena Classicorum*^ 

Demosthenis Orationes Publicae. 

Edited by G. H. Heslop, M.A., late Fellow and Assistant^ Tutor of 
Queen^s College, Oxford; Head-Master of St, Bees, 

Crown 8vo. 
OlVNTHIACS, 2S, ed. ) .^ o^^ v^i ^ 

Philippics, 3j. 5 

De Falsa Legatione, 6s, 

Forming Parts of the ** Catena Classicorum^'* • 

Isocratis Orationes. 

Edited by John Edwin Sandys, M.A., Fellorvo and Tutor oj 
St, John^s College, Cambridge, 

Crown 8vo. 
Ad Demonicum et Panegyricus. 4j. 6d, 

Forming a Part of the *^ Catena Classicorum,** 
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The Greek Testament, 



With a Critically Revised Text ; a Digest of Various Readings ; 
Marginal References to Verbal and Idiomatic Usage ; Prolegomena ; 
and a Critical and Exegetical Commentary. For the use of Theolo- 
gical Students and Ministers. 

By Henry Alford, D.D., late Dean of Canterbury, 

New Edition. 4 vols. 8vo. I02J. 

The Volumes are sold separately, as follows : 
Vol. I.— The Four Gospels. 2&r. 
Vol. II. — Acts to II. Corinthians. 24J. 
Vol. III. — Galatians to Philemon, i&r. 
Vol. IV. — Hebrews to Revelation. 32^. 

The Greek Testament. 

With Notes, Introductions, and Index. 

By Chr. Wordsworth, D.D., Bishop of Lincoln ; formerly Canon 
of Westminster^ and Archdeacon, 

New and cheaper Edition. 2 vols. Impl. 8vo. 6oi'. 

The Parts may be had separately, as follows : — 

The Gospels. i6j'. 

The Acts. &r. 

St. Paul's Epistles. 23^. 

General Epistles, Revelation, and Index, ids. 

An Introduction to Aristotle s Ethics. 

Books I. — IV. (Book X., c. vi. — ix. in an Appendix). With a Con- 
tinuous Analysis and Notes. Intended for the use of Beginners and 
Junior Students. 

By the Rev. Edward Moore, B.D., Principal of S, Edmund Hall^ 
and late Fellow and Tutor of Queen^s College^ Oxford, 

Crown 8vo. lar. dd. 

Aristotelis Rthica Nicomachea. 

Edidit, emendavit, crebrisque locis parallelis e libro ipso, aliisque 
ejusdem Auctoris scriptis, illustravit Jacobus E. T. Rogers, A.M. 
Small 8vo. 41. td. Interleaved with writing-paper, half-bound, ds. 
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Sophocles. 



With English Notes from Schneidewin. 

Edited by T. K. ARNOLD, M.A., A&chdeacon Paul, a/i^ Henry 
Browne, M.A. 

i2mo. . 

AjAX. 3x. Philoctstes. 3j. CEdipus Tyrannus. 41. CEdipus 

CoLONEUs. 4/. Antigone. 4^. 

Sophoclis Tragoediae. 

Edited by R. C. Jebb, M.A., Fellow and Assistant- Tutor of Trinity 
College^ Cambridge^ and Public Orator of the UniversHy, 

Crown 8vo. 

Electra. Second Edition, revised. 3/. td. 
AjAX. y. 6d. 

Forming Farts of the ** Catena ClassieorHm** 

Aristophanis Comoediae. 

Edited by W. C. Green, M.A., late Fellow of Kin^s College^ 
Cambridge ; Assistant' Master at Rugby School. 

Crown 8vo. 

The Acharnians and The Knights. 4^. 
The Clouds. 3^. 6d. 
The Wasps, y. 6d, 

Ah Edition of ** The Acharnians and The Knights," revised 
and especially prepared for Schools. 4s. 

Forming Parts of the ^^ Catena Classicorum^^ 

Herodoti Historia. 

Edited by H. G. WOODS, M. A., Fellow and Tutor of Trinity Coll^^ 

Oxford, 

Crown 8vo. 

Book I. dr. Book IL 5j. 

Forming Parts of the ** Catena Classicorum,^* 

{See Specimen Page^ No, 7.) 
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A Copious Phraseological English- 
Greek Lexicon. 

Founded on a work prepared by J. W. Fradersdorff, Pb.D., late 
Professor of Modem Languages ^ Queen^s College^ Belfast. 

Revised^ Enlarged^ and Improved by the late THOMAS Kerchever 
Arnold, M.Am and Henry Browne, M.A. 

Fourth Edition. 8vo. 2IJ. 

Thucydidis His tor ia. Books I. and 1 1. 

Edited by CHARLES BiGG, M.A., late Senior Student and Tutor of 
Christ Church t Oxford; Principal of Brighton College. 

Crown 8vo. 6/. 

ThtCCydidis Historia. Books ill. and IV. 

Edited by G. A. SiMCOX, M.A., Fellow of Queen's College, Oxford, 

Crown 8vo, [In the Press. 

Forming Parts of the **Catena Classicorum!^ 
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DIVINITY 

Manuals of Religious Instruction. 

Edited by JOHN PiLKiNGTON NoRRis, M.A., Catton of Bristol^ 
Church Inspector of Training Colleges, 

The Old Testament. 
The New Testament. 
The Prayer Book. 

Each Book in Five Parts. Small 8vo. u. each Part 

A Companion to the Old Testament. 

Being a plain Commentary on Scripture History down to the Birth 
of our Lord. 

Small 8vo. y. 6d, 

Also in Two Parts : — 

Part I.— The Creation of the World to the Reign of Saul. 
Part II.— The Reign of Saul to the Birth of Our Lord. 

Small 8vo. 2s, each. 

[Especially adapted for use in Training Colleges and Schools.] 

" A very compact summary of the Old ments. It will be found very useful for 
Testament narrative, put together so as to its purpose. It does not confine itself to 
explain the connection and bearing of its merely chronological difficulties, but corn- 
contents, and written in a ver^ good tone ; ments freely upon the religious bearing of 
with a final chapter on the history of the the text also." — Guardian. 
Jews between tne Old and New Testa- 

{See Specimen Page^ No. lo.) 

A Companion to the New Testament. 

Small 8vo. [In the Press, 
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The Young Churchman s Companion 

to the Prayer-Book. 

Part I. — Morning and Evening Prayer and Litany. 

By the Rev. J. W. Gedge, M.A., Diocesan Inspector of Schools for 
the Archdeaconry of Surrey, 

Recommended by the late Lord Bishop of Winchester. 
i8mo. I/., or in Paper Cover, (ni. 

History of the Church U7tder the 

Roman Empire, a.d. 30476. 

By the Rev. A. D. Crake, B.A., Chaplain of All Saints' School, 
Bloxham. 

Crown 8vo. *js. 6d, 

A Manual of Confirmation. 

With a Pastoral Letter instructing Catechumens how to prepare them- 
selves for their First Communion. 

By Edward Meyrick Goulburn, D.D., Dean of Norwich. 
Eighth Edition. Small 8vo. u. dd. 

The Way of Life. 

A Book of Prayers and Instruction for the Young at School. With 
a Preparation for Holy Communion. 

Compiled by a Priest Edited by the Rev. T. T. Carter, M.A., 
Rector of Clewer^ Berks. 

i6mo, \s. 6d. 



The Lord's Supper. 



By Thomas Wilson, D.D., late Lord Bishop of Sodor and Man. 
Complete Edition, with red borders, i6mo. 2j. 6^. 
Also a Cheap Edition, without red borders, u. ; or in paper cover, 6</, 



Household Theology. 



A Handbook of Religious Information respecting the Holy Bible, the 
Prayer-Book, the Church, the Ministry, Divine Worship, the Creeds, 
&c., &c. 

By the Rev. John Henry Blunt, M.A. 

New Edition. Small 8vo. y. 6d, 
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KEYS TO CHRISTIAN KNOWLEDGE. 



Small 8vo. 2s. 6d. 



** Of cheap and reliable text-books of this 
nature there has hitherto been a great want. 
We are often asked to recommend books 
for use in Church Sunday-schoob, and we 
therefore take this opportunity of saying 
that we know of none more likely to be of 
service both to teachers and scholars than 
these * Keys: ""CAutvkman's ShUling 
MagoMtne. 



** Will be very useful for the higher classes 
in Sunday schools, or rather for the fuller 
instruction of the Sunday-school teachers 
themselves, where the parish Priest is wise 
enough to devote a certain time regularly 
to their preparation for their voluntary 
task.**— £/^»/(W» Review, 



A Key TO the Knowledge and Use of the 

HoiY Bible. 

By the Rev. J. H, Blunt, M.A. Editor of the * Annotated Book 
of Common Prayer,' &c., &c. 

A Key to the Knowledge and Use of* the 

Book of Common Prayer. 
By the Rev. J. H. Blunt, M.A. 

A Key to the Knowledge of Church His- 
tory (Ancient). 

Edited by the Rev. J. H. Blunt, M.A. 

A Key TO the Knowledge of Church His- 
tory (Modern). 

Edited by the Rev. J. H. Blunt, M.A. 

A Key to Christian Doctrine and Practice, 

FOUNDED ON THE ChURCK CaTECHISM. 

By the Rev. J. H. Blunt, M.A. 

A Key TO the Narrative of the Four Gospels. 

By the Rev. John Pilkington Norris, M.A., Canon of Bristol^ 
Church Inspector of Training Colleges^ andformerly one of Her Majesty s 
Inspectors of Schools, 

A Key TO the Narraiive of the Acts of the 

Apostles. 
By the Rev. John Pilkington Norris, M.A. 
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The Campaigns of Na- 
poleon. 

TJu Text (mt Fremck) frm M. 
Thxeks* **HUtmre du C^maUai et 
de PEmfire/' smd "Hutmrc dc la 
RhfobttioKFratufaut.^ EdiUd^wUk 
EngUsA Noia^fmr tke ust ofScio^^ 
by Edwakd E. BowE3ff, ICA^ 
Master of the Modern Sde, Harrc^ 
School. Widi Maps. Crown Sra 

JuH PmbHshid. 
ARCOUL lCA&Z3fGO. 

In freparatioH. 
Jkka. Waterloo. 

\See Specimen Page, No. 12.] 

Selections from Mo- 
dern French Au- 
thors. 

Edited^ with English Notes and 
Introdsictary Notice, by Henri Van 
Laun, Translator of Taints His- 
tory OF English Literature. 

Crown 8yo. 5/. 6^. each. 
HoNORE DE Balzac. 
H. A. Taine. 



The First French Book. 



By T. K. Arnold, M.A. 
Sixth Edition. I2nu>. 5/. 

Key, 2J. (id. 



6d. 



The First German 
Book. 

By T. 'SL Arsoia, M-A, and 
J. W. Fradersix>rff, Ph.D. 

Sinh Fdifkw. itma. St. 6d. 
Key, 2f . 6d. 

The First Hebrew- 
Book. 

By T.K, Arxold, M.A. 

Thiid Edition, isma 7/. 6d. 
Ktf,y.6d. 

A Theory of Harmony. 

Foonded on the Tempered Scale. 
Wi& Qnestions and Exercises. 

By John Staoter, Mqs. Doc, 
M.A., Afagd. ColL Oxon, Organist 
to St. Pauls Cathedral Second 
Edition. 8yo. Is. 6d. 

NuGENT's Pocket Dic- 
tionary OF the 
French and En- 
glish Languages. 

In Two Parts.— L French and 
English, n. EngUsh and French. 

Thirty-second Ettiiion, Carefully 
reznsedandarrangediy'j, C. Tarver, 
French Master, Eton, 

Square i2mo. roan, *js, 6d, iSmo. 
roan, 4r. 6d, 
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The Choristers Guide. 

By W. A. Barrett, Mus. Bac, Oxon, of St PauPs Cathedral, 
Author of ** Flowers and Festivals" Square i6mo. 2s. 6d, 



"... One of the most useful books of 
instructions for choristers— and, we may 
add, choral singers generally — that has 
erer emanated from the musical press. 
.... Mr. Barrett's teaching is not only 
conveyed to his readers with ue conscious- 
ness of being master of his subject, but he 
employs words terse and clear, so that his 
meaning may be promptly caught by the 
neophyte ** — AtH^mtum. 

**^A nicely graduated, clear, and excel- 
lent introduction to the duties of a chorister 
by a practical hand." — Stattdard. 

*' The • Chorister's Guide ' is written by 
Mr. Barrett, of St. Paul's Cathedral; it 
seems clear and precise enough to serve its 
end." — Examiner. 

**A useful manual for giving boys such a 
practical and technical knowledge of music 
as shall enable them to sing both with confi- 
dence and precision."— ^A»rM Herald. 

'* In this little volume we have a manual 
long called for by the requirements of 
church music. In a series of thirty-two 
lessons it gives, with an admirable concise- 
ness, and an equally observable complete- 
ness, all that is necessary a chorister should 
be taught out of a book, and a great deal 
calculated to have a value as bearing in- 
directly upon his actual practice inVsing- 
ing." — Musical Standard. 



** I think it a most useful and excellent 
work, calculated to be of great service to 
teachers, and likely to become popular. 
It will afford me much pleasure to recom- 
mend the ho6\c."—JViuiam S/ark, Mus. 
Doc. 

"I am delighted with it, and shall en- 
deavour to use it amongst my pupils." — 
Henry Gadsby^ Margate. 

** I shall have great pleasure in using it, 
and recommending it when and wherever 
I can." — y. C. Marks, Org^anist of the 
Cathedral, Cork. 

** A work of this kind is much needed." — 
John Young, Organist of the Cathedral, " 
Lincoln. 

*' I cannot refrain from saying that the 
work supplies a want>I have always felt." 
•^yohn V. Corft, Organist of the Cathe- 
dral, Bristol. 

" I have looked it through, and find it a 
most useful little work, and I will be sure 
to recommend it whenever I have an 
opportunity." — IV. Done, Organist of the 
Cathedral, Worcester. 

"I strongly commended your book to 
Dr. Jebb, and he will present a dozen to 



" We can highly recommend the present 
able manual." — Educaiiifnal Times. 

'* A very useful manual, not only for 
choristers, or rather those who may aun at 
becoming choristers, but for others who 
wish to enter upon the study of music." — 
Hock. 

"The work will be found of singular 
utility by those who have to instruct 
choirs.**— Church Times, 

"A most useful handbook for the cho- 
rister, and in many ways for the choir- 
master. It may safely be placed in the 
hands of every one who is connected with 
the musical service, either as precentor, 
chorister, or organist." — Churchman's 
Shilling Magazine. 

"A most grateful contribution to the 
agencies for improving our Services. It is 
characterized by all^ that clearness in com- 
bination with conciseness of style which 
has made 'Flowers and Festivals' so 
universally admired." — Toronto Herald. 

"An admirable work, which will be 
found useful both by professional and 
amateur musicians." — Newsvendor. 

' * A complete manual of instruction based 
upon a novel plan, which is both sugges- 
tive and exhaustive." — Hornet. 



the choristers. I also told the adult mem- 
bers of the choir that they might consult 
it with advantage."— C TownshendSmiik, 
Organist of the Cathedral, Hereford. 

" I have just seen your excellent little 
book, the * Chorister's Guide.* You have 
been very judicious in its method, which 
I think will prove interesting and even en- 
tertaining to young musicians, and I par- 
ticularly like your taking examples from 
cathedral compositions. Ithought the best 
thing I could do was to order fourteen 
copies."— 7%^ Rev. Cation Jebb, D.D., 
Hereford. 

'* 1 shall be most happy to recommend 
it as a text book." — Roland Rogers, Otganf 
ist of the Cathedral, Bangor. 

**l like it very much indeed: I hope 
it may become generally known and ap- 
preciated."— C G. Verrinder, Mus. Doc. 

"I have looked through it, and have 
come to the conclusion that a more care- 
fully, intelligently written book, or one 
more practical and thus useful in its aim, 
could scarcely be conceived.**— J? «f, G. P, 
Merrick. 
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CATENA CLASSICORUM 



A SERIES OF 

CLASSICAL AUTHORS, 

Edited by Members of both Universities^ under the direction of the Rev. 
Arthur Holmes, M.A., Senior Fellow and Dean of Clare College^ 
Cambridge^ and late Preacher at the Chapel Royaly Whitehall; 

and 

The Rev. Charles Bigg, M.A., late Senior Student and Tutor of Christ 
Churchy Oxford; Principal of Brighton College, 

Crown 8vo. 

SoPHocLis Tragoediae. 

Edited by R. C. JEBB, M.A., Fellow and Tutor of Trinity College^ 
Cambridge^ and Public Orator of the University. 

The Electra. 3/. dd. The Ajax. y. 6d, 



** We have no hesitation in saying that 
in s^le and manner Mr. Jebb's notes are 
admirably suited for their purpose. The 
explanations of grammatical pomts are sin- 
gularly lucid, the parallel passages gene- 
rally well chosen, the translations bright 
and graceful, the analysis of arguments 
terse and luminous. Mr. Jebb has clearly 
shown that he possesses some of the quali- 
ties most essential for a commentator." — 
Spectator. 

** The Introduction proves that Mr. Jebb 
is something more than a mere scholar,-— 
a man of real taste and feeling. His criti- 
cism upon Schlegel's remarks on the Elec- 
tra are, we believe, new, and certainly just. 
As we have often had occasion to say in 
this Review^ it is impossible to pass any 
reliable criticism upon school-books until 
they have been tested by experience. The 
notes, however, in this case appear to be 
clear and sensible, and direct attention to 
the points where attention is most needed." 
'—fVestntinster Review. 

** In a concise and succinct style of Eng- 
lish annotation, forming the best substitute 
for the time-honoured Latin notes which 
had so much to do with makine good scho- 
lars in days of yore, Mr. Jebb keeps a 
steady eye for ail questions of grammar. 



construction, scholarship, and philology^ 
and handles these as they arise with a 
helpful and sufficient precision. In matters 
of grammar and syntax, his practice for the 
most part is to rttcx his reader to the pro- 

gsr section of Madvig's ' Manual of Greek 
yntax : * nor does he ever waste space and 
time in explainmg a construction, unless it 
be sua! an one as is not satisfactorily dealt 
with in the grammars of Madvig or Jelf. 
Experience as a pupil and a teacher has 
prooably taught him the value of the whole- 
some task of hunting out a grammar refer- 
ence for one-self, instead of finding it, 
handy for slurring over, amidst the hun« 
dred and one pieces of information in a 
voluminous footnote. But whenever there 
occurs any peculiarity of construction, 
which is hard to reconcile to the accepted 
usage, it is Mr. Jebb's general practice to 
be reaidy at hand with manful assistance." 
— Contemporary Review. 

" Mr. Jebb has produced a work which 
will be read with interest and profit by the 
most advanced scholar, as it contains, in a 
compact form, not only a careful summary 
of the labours of preceding editors, but also 
many acute and ingenious original remarks. 
We do not know whether the matter or the 
manner of this excellent commentary is de- 
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serving of the h^her praise : the skill with 
which Mr. Jebb has avoided, on the one 
hand, the wearisome prolixity of the Ger- 
mans, and on the other the jejune brevity 
of the Porsonian critics^ or the versatility 
whidi has enabled him in turn to elucidate 
the plots, to explain the verbal difficulties, 
and to illustrate the idioms of his author. 
All this, by a studious economy of sfxace 
and a remarkable precision of expression, 
he has done for the ' Ajax ' in a volume of 
some 300 pa^es."— ^M/»ftnmr.^ 

"An acadental tardiness in notidne 
these instalments of a Sophocles which 
promises to be one of the ablest and most 
useful editions published in this country 
must not be construed into. any lack of 



due appreciation of their value. It seemed 
best to wait till more dian one play had 
issued from the press ; but it is not too late 
to express the favourable impression which 
we have formed, from the two samples 
before us, of Mr. Jebb's eminent qualinca- 
tions for the task of interixretins Sojphodes. 
£schewing the old fashion of fumislung 
merely a grammatical and textual oommen- 
tary, he has concentrated very much of the 
interest of his edition in the excellent amd 
exhaustive introductions which preface 
each ^>lay, and which, while excluding 
what is not strictly connected with the sub- 
ject, discuss the real matter in hand mrilth 
acuteness and tact, as well as originality 
and research."— vSVi/Mn&i^ Review. 



JUVENALIS SaTIRAE. 

By G. A. SiMCOX, M.A., Fellow and late Classical Lecturer of 
Queen^s College, Oxford, 

New Edition, revised and enlarged, 5/. 



"This is a very original and enjoyable 
Edition of one of our &vourite classics."-— 
spectator. 

** A very valuable and trustworthy school- 
book. ^ The introduction, notes, and text 



are all marked with scholarly taste, and a 
real desire to place in the hands of the 
learner all that is most effective to throw 
light upon the author "^^tatndard. 



Thucydidis Historia. Books I. and II. 

By Charles Bigg, M.A*, late Senior Student and Tutor of Christ 
Church f Oxford; Principal of Brighton College, 6s, 



*i ' 



Mr. Bigg in his 'Thucydides' prefixes 
an analysis to each book, and an admirable 
introduction to the whole work, containing 
full information as to all that is known ot 
related of Thucydides, and the date at 
which he wrote, followed by a very masterly 
critique on some of his characteristics as a 
writer.**—^ themtum, 

" Mr. Bigg first discusses the facts of 
the life of Tnucydides, then passes to an 



examination into the date at which ThucjT" 
dides wrote ; and in the third section ex- 
patiates on some characteristics of Thucy- 
dides. These essays are remarkably wdl 
written, are judicious in dieir opinions, and 
are calculated to give the student mudi 
insight into the work of Thucydides, and 
its relation to his own times, and to the 
works of subsequent historians."— ilfwxMmr. 



Thucydidis HiSTOfeiA. fiooks III. and IV. 

By G. A. SiMCOX, M.A., Fellow of Queen's College, Oxford. 

[In the Press* 
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Demosthenis Orationes Publicae. 

By G. H. Heslop, M.A., /dig Fellow and Assistant-Tutor of Qtieen^s 
College^ Oxford; Head-Master of St, Bees, 

The Olynthiacs. 2j. 6</. 

The Philippics, y. 

De Falsa Legatione. 6j. 



I or, in One Volume, 41. 6</. 



THE OLYNTHLICS 

" The annotations are scarcely less to be 
commended for the exclusion of superfluous 
matter than for the excellence of what is sup- 
plied.^ Well-known works are not quoted, 
but simply referred to, and information 
which ought to have been previously ac- 
quired is ovB\xxti^**-—Atherutum. 

"Mr. Heslop's critical scholarship is of 
an accurate and enlarged order. His read- 
ing of the chief authorities, historical, criti- 
cal, explanatory* and technical, has been 
commendably thorough ; and it would be 



AND PHILIPPICS, 
impossible to ^o throuj^h either the Olyn- 
thiacs, or Phihppics, with his aid, and not 
to have pidced up many pieces of informa- 
tion to suld to one's stock of knowledge of 
the Greek language and its use among the 
orators, who rendered its latter day famous. 
He is moreover an independent editor, and, 
we are glad to find, holds his own views as 
to readings and interpretations, tmdismayed 
by the formidable names that occasionally 
meet him in his 'wzy.**-^ontem^orafy Re* 
view. 



DE FALSA LEGATIONE. 



"The notes are full, the more difficult 
idioms being not only elucidated by refer- 
ences to grammars, but also illustrated 
by a wealth of apt and well-arranged 
quotations. Hence we imagine that the 
attentive reader will not be content with 
a single perusal of the commentary, but 
will find it worth while to have it by 
his side, when he is engaged upon other 
speeches ^ of the Athenian orator. Mr. 
Heslop ^ves us an historic^ introduction 
as well as occasional summaries and histori- 
cal notes, which seem to us just what they 
ought to be." — Athefueum. 

** Deserves a welcome. There is abun- 
dant room for useful and handy editions of 
the chief orations of Demosthenes. Mr. 
Heslop has performed his editorial function 
faithfully and ib\y,**—Saturday Review. 

"The volume before us weU maintains 
the high repute of the series in which it 
appears. A good text, well printed^ with 
careful but not too elaborate notes, is the 
main characteristic of it, as of previous 

volumes An able introduction is 

prefixed to it, which the student will find 
useful ; and altogether we cannot but feel 
how different the school-books of the present 
day are from those which we recollect,"— 
John Bull. 

**A well-written introduction, carefully 
edited text, ample and excellent footnotes 
—which include from time to time a short 
analysis of the text— and translations not 
less vigorous than accurate, make up a 
whole, which cannot fail to be equally ac- 



ceptable to both masters and scholars."— 
Standard. 

" Mr. Heslop has shown very great criti- 
cal powers in the edition of the famous 
speech now before us, e^cially in his anno- 
tations. ^ Indeed, his array of 

authorities, grammatical, critical, technical, 
historical, and explanatory, is from first to 
last worthy of all praise ; and nothing can 
exceed the clearness of the historical essay, 
which he has prefixed as an introduction 
to the work." — School Board Chronicle. 

" In an elaborate introduction, the editor 
gives — ^what is eminently desirable for the 
student approaching; such a speech— an 
account of the intncate complications of 
Athenian politics in the period when the 
State was struggling to maintain itself 
against the preponderating power of Mace- 
donia. ... In dealing with the text of his 
author, Mr. Heslop has exercised an inde- 
pendent judgment, while availing himself 
of the labours of other editors ; and the 
grounds assigned for the course he has 
adopted will commend themselves to the 
attention of scholars. For the purposes of 
the student the commentary appended to 
the text affords all that is necessary in the 
way of judicious furtherance. Variations 
of reading are commented on, peculiarities 
of grammatical construction explained, and 
obscure allusions rendered intelligible by 
means of collateral information. Aa. index 
affords the means of ready reference to the 
more important noXts."'^cotsmaK, 
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Demosthenis Orationes Privatae. 

By Arthur Holmes, M.A., Senior Fellow and Dean of Clare 
College^ Cambridge^ and late Preacher at the Chapel Royal^ Whitehall, 
De Corona, ^s. 

letting loose upon another a flood of epi- 
thets so utterly beyond the widest license 
of modem political discussion, lliat Mr. 
Holmes supplies the want indicated we 
shall proceed to show in one or two ex- 
amples of exact interpretation, having first 
glanced at the calm tenor of his judgment 
on one or two moot points connected with 
the speech itself." — Saturday Review. 

"Mr. Holmes has compressed into a 
convenient shape the enormous mass of 
annotation which has been accumulated 
by critics, English and foreign, on Demos- 
thenes' famous oration, and he has made 
no trifling contributions of his own. He 
appears to us to deal successfully with most 
of the difficulties which preceding commen- 
tators have failed to solve — difficulties, it 
may be observed, which are rather histori- 
cal than critical, and which, for the most 
part, arise in the endeavour to reconcile 
the plain grammatical sense of the orator's 

words with known facts In 

purely critical questions the notes show 
all the subtle scholarship which we should 
expect from so renowned a classic as 
Mr. Holmes. If we note any one pectdiar 
excellence, it is the accuracy with which 
the shades of difference of meaning in 
the various uses of the tenses are noted, 
and nothing, as we need hardly say, could 
be more important in annotation on an 
oration whicJi has for its subject-matter 
history partly contemporary, partly belong- 
ing to the recent ya&X.'*— Spectator. 



** We find a sdiolarship never at fault, 
an historical eye which sees over the 
whole field of tne political area occupied 
by Philip of Macedonia and the great 
orator whose business in life was to com- 
bat and thwart him, and an acuteness 
of criticism sufficing to discriminate be- 
tween the valuable and the worthless 
matter in the commentaries of previous 
editors. Of the speech itself and its famous 
loci classici of eloquence r.nd invective it is 
scarcely necessary to speak. To do full 
justice to these the reader must go to the 
fountain-head ; and he must have for coni- 
mentator and guide one whose mind is 
clearly made up, so that there may be no 
doubt or hesitation as to the sense of the 
words and sentences which claim his ad- 
miration. In the grand outburst where 
Demosthenes assures his audience that his 
policy and teaching agree with their own 
Hereditary instincts, and swears it by the 
memory of their forefathers'^ intrepidity, 
rather than their success against the Per- 
sians ($ 308-9, &c.); Mr. Holmes is careful 
to smooth every difficulty, and in the vivid 
picture of the excitement of Athens on the 
receipt of the news of Philip's occupation 
of Elatea ($ 169-70), he does good service 
in weighing the likeliest meaning of certain 
words which are important accessories of 

the picture in reading the speech 

a student seems to need the company of an 
exact annotator to assure him that his ears, 
or eyes, or powers of translation are not 
misleading him, when he finds an advocate 

Aristophanis Comoediae. 



By W. C. Green, M.A., late Fellow of Kin^s College^ Cambridge \ 
Assistant' Master at Rugby School. 
The Acharnians and the Knights. 4^. 
The Clouds, y. 6d. The Wasps. 3^. 6d. 

An Edition of The Acharnians and the Knights, revised and 
especially adapted for use in Schools. 4J. 



"Mr. Green has discharged his part of 
the work with uncommon skill and ability. 
The notes show a thorough study of the 
two plays, an independent judgment in the 
interpretation of the poet, and a wealth of 
illustration, from which the editor draws 
whenever it is necessary." — Museum, 

" Mr. Green's admirable introduction to 
' The Clouds ' of the celebrated comic poet 
deserves a careful perusal, as it contains 
an accurate analysis and many original 



Dindorf and Meineke, which will be ol 
great service to students who wish to in- 
dulge in verbal criticism^ The notes are 
copious and lucid, and the volume will be 
found useful for school and college pur- 
poses, and admirably adapted for private 
reading. " — Examiner. 

** Mr. Green furnishes an excellent intro* 
duction to 'The Clouds' of Aristophanes) 
explaining the circumstances under which 



^ it was produced, and ably discussing the 

^^anunents on this remarkable play. The probable object of the author in writing it." 
^■Bt is prefaced by a table of readings oC —Athetictum, 
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ISOCRATIS OrATIOXES. 

Bjf John Edwix Saxdys, M.A., Ft/ltrw and Tutor of St. John's 
CoIle/(t, CUutkal Lecturer at Jesus College^ Cambridge. 
Ad Demoxicum et Panegvricus. 4/. (>d. 

\ " Isoaates bas doc reecnred tlt« atten- 
tion to whidi the simpfidej of Im leyle 
suid the porky of his Attk fangaa^e et»- 
tttle him as a means of tdaexoon. Xonr 
that we have so admirahle an edidoa of 
two of his Works best »iapUsd for such a 
purpose, there wiD no longer be any eX' 
Cttse for diis neglect. For carefblnesA and 
thorous^ineis of a^ottg, it wiD bear com' 
parison with die be^t, whether English or 
foreign, Beude^ an ample vxppiy of ex- 
haustive notes of rare excellence, we find 
in it valuable remarks dh the style of 
Isocrates and the state of the text, a 
table of Tarions readingi^ a list of editions, 
and a special introdnctioa to eadi piece. 
As in (Mher editions of this scries, short 
summaril^s of the argument are inserted in 
suitable places, and will be found of great 
service to the student. The commentary 
embraces explanations of difficult passages, 
with instructive remarks on grammatical 
usages, and the derivation and meanings 
of words, illustrated by quotations and re- 
ferences. Occasionally the student's atten- 
tion is called to the moral sentiment ex* 
pressed or implied in the text. With all 
this abundance of annotation, founded on 
a diluent study of the best and latest 
authorities, there is no excess of matter 
and no waste of words. The elegance of 

Persii Satirae. 



dK exterior b in harmooy widi the intrinsic 
wordi of the volume." — Athetutum. 

" By editii^ Isocrates Mr. Sandys does 
good nerncc to students and teachers of 
Gredc PrrMC, He places in our hand^, in 
a con v enien t form, an aodior who will be 
found of great use in public sdiools, where 
he has been hitherto almost unknown."-— 
Cambridge UnrvertUy Gaxette. 

"The feeli>v up p ciu i ost in our mmds 
after a careful and interesting study of this 
edition, is one of satisfaction and admira- 
tion ; satisfaction that a somewhat unfa- 
miliar author has been made so thoroughly 
readable, and admiration of the compara- 
tively young sdiolar who has brought about 
this roult by combining in the task sudi 
industry, research, and acumen, as are not 
always found united in editors who have 
had decades upon decades of mature expe- 
rience."— Ju»/trr»£ar^ Reouw. 

** Mr. Sandys, of St. John's, has added 
to the ' Catena Classicorum ' a very com- 

Jilete and interesting edition. The style of 
sociates is discussed in a separate essay 
remarkable for sense, deamess of expre5v- 
sion, and aptness of illustradon. In the 
introductions to the two orations, and in 
the notes, abundant attention is given to 
questions of authenddty and historical 
allusions."— /V/ Mall Gazette. 



By A. Pretor, M.A., Fellow of St. Catharines College, Cambridge; 
Classical Lecturer of Trinity Hall. 

3/. 6d. 



€$' 



' This is one of the ablest edidons pub- 
lished in the ' Catena Classicorum ' under 
the superintendence of Mr. Holmes and 
Mr. Bigg. Mr. Pretor has adopted in his 
edirion a plan which he defends on a gene- 
ral principle, but which has really its true 
defence in the special peculiarities of his 
author. Mr. Pretor has given his readers 
translations of almost all the difficult pas- 
sages. We think he has done so wisely in 
this case ; for the allusions and construc- 
tions are so obscure that help is absolutely 
necessarv. He has also been pardcularly 
full in nis notes, he has thought and 
written with great independence, he has 
used every means to get at the meaning of 
his author, he has gone to many sources 
for illustradon, and alto^^ether he has pro- 
duced what we may fairly r^sutl as the 



best edition of Perrius in English." — Mu^ 
seum. 

" Mr. Pretor has boldly grappled with 
a most difficult task. He mis, however, 
performed it very weU, because he has 
bq^un, as his Intniiduction shows, by mak- 
ing himself thoroughly ao^ainted with the 
mind and temper— a suffidendy cynical one 
—of the poet, and thus laying; a good basis 
for his juf^^ent on the conflicting opinions 
and varying interpretadons of {Mrevious edi- 
tors. It is a most useful book, and will be 
welcome in proportion as such an edidon 
was really very much wanted. The good 
sense and sound judgment shown by the 
editor on controverted points, give promise 
of excellent litenuy work in ^ture under- 
taking^ of the likekmd."— CoMr^rui^ Clni' 
versiJy Gazette. 
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HOMERI I LIAS. 

By S. H, Reynolds, M.A., laf^ Fellow and Tutor oj Brasmase 
College^ Oxford, 

Books I. to XII. 6j. 



practice is another, and the manner in 
which Mr. Reynolds has effected this will 
go far to show bis capacity for the difficult 
task he has executed. The notes are by 
no means overloaded, but seem to us to 
contain all that they should, in order to 
carry out the editor s purpose of assisting 
beginners, while there is much that will 
prove valuable to advanced students. We 
heartily commend the book to our readers' 
xvQXL\w,^-^tandard, 



** Adopting the usual plan of the series, 
and giving references to standard works, 
rather than extracts from them, Mr. Rey- 
nolds is able to find space for much com- 
ment that is purely Homeric, and to show 
that it is not only a theory but a working 
principle with him, to make Homer his own 
interpreter and Commentator. * Ex ^so 
Homero HotHeru$ opiime tntelligHurf is 
a dictum which no student of Homer would 
question for a moment ; but to acknow- 
ledge its truth is ono thing, and prove it in 

Terenti Comoediae. 

By T. L. Papillon, M.A., Felhw of Nm Colkj^^ Oxford; late 
Fellow o/Merton, 

Andria et Eunuchus. 4j. 6d, 

** An excellent and supremely useful edi- ume one admirably suited to the wants of 

tton of the well*known plays of Terence." students at school and college, and formbg 

'^H^eftmituter Review, a useful introduction to the works of Ter- 

"Altogether we can pronounce this vol- cnce.**''^£xammer. 

Herodoti Historia. 

By H. G. Woods, M.A., Fellow and Tutor of Trinity College^ Oxford, 
Book I., (>s. Book II., 5^. 

{See Specimen 

"It were hard to imagine a book better 
adapted to save the time and accelerate 
the progress of the industrious student."-— 
Scotsman. 

** It cannot be laid to Mr. Wood's charge 
that he wastes time or space in long intro- 
ductions. Indeed we should say that his 
short chapters on the style and on the dia- 
lect of Herodotus, well thought out as they 
are and put forth with due compression, 
have tended considerably to relieve the 
foot-notes from over-crowding. We have 
already said that only in the original can 
Hero(iotus be thoroughly enjoyed. A few 
notes may serve to show that this edition 
of Mr. Wood's goes some way towards 
making this enjoyment more widely avail- 
able by an intelligent appreciation alike of 
his author's peculiarities and his reader's 
needs. How well he has apprehended the 
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former csuinot be better shown than by 
quoting an excellent passage from his chap- 
ter on * The Style of Herodotus,' whidi is 
at the same time a key to the understand- 
ing of the Herodotean manner."— -Safurday 
Review. 

"Mr. Woods has clearly appreciated 
the true object of the series, which is edu- 
cational rather than critical, and has laid 
out his labour accordingly. In the result 
we think he has been remarkably success- 
ful. The notes are carefully prepared, and 
comprise all the information necessary for 
the student who desires not only to get up 
the text, but to learn the views of the 
best commentators upon it." — EducatioHol 

tmes. 

** It is an admirable edition of Hero* 
^otus/'—Evenif/g Staftdard. 



H OR ATI Opera. 

By J. M. Marshall, M. A., Assistant^Master at Dulwich College. 

\In the Press. 

Taciti Historiae. 

By yN.H, SiMCOX, M. A., Fdlwi and Lecturer of Queen^s College, 
fc Oxford, \rn iKt Press, 
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4 History of the English Institutions 

master the territonal element, reoeiving, however, in the 
course of the struggle some moderating fmd tempering 
influences from the opponent principle. 

CHAPTER II. 
THE PEOPLE. 

1.1 Glasses of the People. — ^The English settlers in 
Britain were from the first divided into the two great 
hereditary classes of Eorls (the principea of Tacitus) and 
Ceorls,2 both free, but the former of noble, the latter of 
ignoble birtL The oath of an eorl availed against that of 
six ceorls, and there was a corresponding difference in the 
amount of the weregild or compensation-money to be paid 
for the murder of a member of the two classes ; which in 
the case of a ceorl was only 200 shillings (whence he was 
called a twyhyndman), but in that of an eorl 1200 
shillings. Besides these distinctions between the two 
classes, another was introduced, which had not existed 
when the people dwelt in the forests of Germany. Their 
private wealth had then consisted of household furniture, 
armour, and cattle, while their land was regarded as the 
common property of the tribe. But after settling upon 
the conquered soil of Britain, they made continually in- 
creasing encroachments on the folc-land, or land common 
to the whole people, by converting portion after portion 
of it into boc-land — land held by private individuals, by 
book or charter. Landed wealth was at first the accom.- 
paniment of noble birth or personal merit, and when it 
became dissociated from these, it was gradually looked 

^ For the periods of our history to which the sections marked l>d 
in the different chapters, correspond, see the Preface. 

^ The words have now urder the modernised forms of earl and 
ohurL acquired totally different meanuu^a. 

[Historical Handbooks. See f age 2.] 
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In Fig. 16 is represented a very pretty experiment, show- 
ing that this gas is heavier than air. First, balance a jar 

p.^ jQ with a weight. I say ba- 

lance ajar. Is that exacth 
correct ? Is there not some- 
thing in the jar? "No," 
you will perhaps say, " it is 
empty." But think a mo- 
ment. That jar is full of 
something, and that some- 
thing has weight. It is fall 
of air. We have balanced, 
then, a jar full of air. Now 
if, as represented, carbonic 
acid gas be poured into the 
jar on the scales, the jar will 
descend and the weight will 
rise. Why ? Because there is now a gas in the jar that 
is heavier than air. 

If you have a jar filled with this gas, you can take it out 
with a little bucket, as seen in Fig. 17. As you take one 
bucketful after another out, it can be poured away as water ; 
and air will take the place of the gas as fast as it is 
removed. 

If a soap-bubble fall into a jar of carbonic acid gas, it 
will not go to the bottom as it would if the jar were full of 
air. It will descend a little into the jar, and then ascend 
and remain in its open mouth. Why is this ? The air that 
is blown into the bubble is lighter than the gas in the jar, 

h 

[Easy Introduction to Chemhiry. S«e ^ge \\;\ 
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PfvOPOSiTioN B. Theorem. 

1/ two triangles have Itco angles qf the one equal to two 
angles qf the other, each to each, and the sides a4JaceiU to 
Uie equal angles in each also equal; then must the triangles 
be equal in all respects. 





In A B ABC, DEF, 
let L ABC= L DEF, and lAGB= l DFE, and BC=^EF, 
Then must AB=DE, and AC=DF, and lBAC= i EDF, 

For if A DEF be applied to a ABC, so that E coincides 
with B, and ^i^ falls on BC; 

then vEF^BC, /. /'will coincide with (7; 

and •/ L DEF= l ABC, .\ ED will fall on BA ; 

.*. D will fall on BA or BA produced. 

Again, •/ z DFE= l ACB, .'. FD will fall on CA ; 

.*. D will fall on CA or CA produced. 

.*. 2> must coincide with A, the only pt. common to BA 
and CA, 

.*. DE will coincide with and .*. is equal to AB, 

and DF AC, 

and lEDF lBAC\ 

and .*. the triangles are equal in all respects, q. e. d. 

Cor. Hence, by a process like that in Prop. A, we can 
prove the following theorem : 

//tico angles qf a triangle he eqaaX^ live %lde% uiK\cK «vi^> 
/em/ /hmn are a/so equal. (Eud. 1. 6^) 

[£lemenis of Geometry. See foge %.\ 
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iluis : if the articles had cost £,\ each, the total cost 
would have been ^1^2478 ; 

.\ as thc>- cost i q(£i each, the cost will be £^P; or £413. 

The process may be written thus : 
> 4t^, is ; of jfi I £247^ = cost of the articles at £1 each. 

;^4i3 = cost at 3^. 4//. ... 

Fjc (!)• Find the cost of 2897 articles at ^£2, 12s, 9^. 



/3 is 2 X £t 

lof. is i of /i 
2s. is J of lOJ. 
Sd, is 3^ of 2s. 
id, is v of 8^. 



2897 . 0.0 = cost at ;^i each. 



5794 . 0.0= £2 

1448 . 10 • o = 10s,. . . . 

289 • 14 • o = 2S 

96 . 1 1 . 4 = 8^. ... * 

I2* I t 3"^ •.*««. Im. .... 



;^764o . 16 . 9 =.«*.. . £2, I2j.9fl?'.each. 

Note. — ^A shorter method would be to take the parts 
thus: 

10s, = I of ;^i \ 2ir. (>d, a= J of lbs, J 3^. = yV of 2Jr. 6d. 

Ex. (3). Find the cost of 4^5 articles at £2. iZs. 4//. 
each* 

Sincd £2. iSj*. 4^- is the differenci* between ;^3 and 
IS, Sd, (which is -j^ of ;^i), th^ shortest course is to find 
the cost at j£^ each^ and to subtract froht ii the cost at 
I J". M. each, thus : 



;<f3is3X;^i 
IT. 8^. is -^ of ;^i 



425 . 0.0 = cost at £1 each* 




1275 • 0.0=* ;f3 -v-* 

35 • 8 . 4 = i < « • « • i'^* 8^* ^a^n. 



£1239 k 11 . % ~ ^ ^ £;i, V^s, 6^, ealch< 



\Arii}im^^\t, See page %\ 



H 



[Sfcdntcn I'a^e, Aa, 5.] 
Ol^'THt MEASUREMENT OF ANGLES. 



28. To 9hew that ths angle subtended ai the centre </ 
a circle hy an are equal to the radius (if the circle ie the 
tame /or all circles. 




Let be the centre of a circle, whose radius is r ; 

AB the arc of a quadrant, and therefore AOB a right 
angle ; 

AP an arc equal to the radius AO. 
Then, AP^r and AB=^. (Art l*,' 
Now, by Ettc. vi. 33, 

angle A OB arc A B * 

angle ^OP _ r 
a right angle "" 'trt 

2 

2 

*^ T • 
If 



or, 



tience 



angle AOP = — ~r-^ — • 



Thus the magnitude of the angle AOP is independent of r 
And is therefore the same for all circles. 

[Trigonometry. See ^ge ^\ 



\Specit/nH Page^ No. 6.J 
44 RESOL UTION INTO FA CTORS. 



89. Oasb II. The next case in point of simplidtj is that 
in which four terms can be so arranged, that the first two 
have a common factor and the last two have a common factor 

Thus 

4;* + (u? + 607+ aft = (.^2+ a.c) + (&a? +a5) 

Again 

= a(c-rf)-6(c-rf) 
-(a-&)((j-rf). 

Examples.— XVIII. 
IlQSolve into factors : 

1. a^-aw—hx-^ah, 6. abx^-axy-^hxy—y\ 

2. ab-^-ax-hx-af^, 6. abx—dby-^-cdx-cdy, 

3. hc+by-cy-y^, 7. cdx*-{-dmxy-cnxy—mny*, 

4. bin4-mn + ab + a7i. 8. c^cx-b'dx—acdy + bd*y, 

90. Before reading the Articles that follow the student is 
lulvised to turn back to Art. 56, and to observe the manner in 
which the operation of multiplying a binomial by a binomial 
produces a trinomial in the Examples there given. He will 
then be prepared to expect that in certain cases a trinomial 
can be resolved into two binomial factors, examples of which 
wo shall now give. 

91. Case III. To find the factors of 

^4-7iC+12. 

Our object is to find two numbers whose product is 12, 

and whose sum is 7> 

These will evidently be 4 and 3, 

.-. ;i?2 + 7;p + 12 = (o? + 4)(a? + 3). 

\gaiu, to find the factors of 

a;2+56a? + 662. 

Cur object is to find two numbers whose product is 66^, 

and whose sum is 6&. 
These will clearly be Zb and 2&, 

.-. a;* + 55x^G6'=(a7 + 35)(a;+26). 

[A igdfta* See f age ^.'X 



64' HPOAOTOT (75. 3. 

Tpof; eanrrov top jjnfCfibv elvtu, iaTparevero e? n^y II^Nrcw 
fiolpav. 'n? S€ cnrucero iirX tov" Xkuv Trorafioif 6 KpoiotK, 3 
ri €i/0€VT€Vj cik /x€i/ eyci Xeyoj, icara ra? iovaa<: y€tl>vpa^ Bie^ 
fiifiaac TOP OTpoTOv' (09 Se 6 iroXkbt: XC709 'ElXXiywuv, OaX^ 
oi 6 M^Xi^o-to? Biefiifiaae, airopeovrof; yap IS^poiaov okio^ ol 4 
huL^rjaerat tov irorrafwv o oTparb^ {ou yap S7 elval ten 
rovTov TOV ypovov TWi 'ye<f>vpa<: TavTa<:), Xeyeroi irapeovTa 
TOV SaXfjp iv Tft) oTpaTOTriBo) TrocTjaai avT^ top iroTOfAaVy 
i^ dpcoTepf}^ %e*po9 pioirra tov aTpaTov, xal ix Sef 4^9 p€€ip' 
iroLTJaav Be coSe. avcjOev tov OTpaToiriBov ap^ofievov^ SioJ- 5 
pt^a fiaOerjp opvaaeiv, ayoirra fitjPoeiBia, oica>9 av to 
(TTpaTOTTeBop IBpvfiepop KUTa vwtov Xa^oi^ Tavrrj /cara Tijp 
Bioopvxa i/crpaTTOfjuevo^ ix twp dp')(aifOP peiOptap, koX oirri? 
TrapafJL€i^6fievo^ to OTparoTreBov, e? Ta dp)(aia ia^aXXoi' 
waTCf iirei t€ xal ia^iaOrj Tdy(iaTa 6 iroTa/io^, d/i(f>0T€pi^ 6 
Sta^aT09 iyipero. oi Be xal to irapairop \eyovai teal t6 
dp^alop peeOpop cwo^rjpapOrjpai, dXXa tovto /lep ov irpoa^ 



§ 2. irpos kiovTov] £ sua parte* 
7r/)os = from the direction of (no. a, 
n.), from the point of view of, and 
so favourable towards. Cf. vpo% 
T<av ix^*^^^f 4>otJ3e, Toif vofMV tIOtjs, 
Eur. A/c. 57. 

§ 3. rds foveas 7. ] The plural 
of a single bridge (205. 3, n.). 

§ 4. TavTas=Tas ^oucas, above. 

XiYcrai] Hdt.'s doubts about this 
story are prob. due to chronological 
difficulties (Ab.). *The exact year 
of Thales' birth and the date of his 
death cannot be known.* Clinton. 

ii dpurT€pi]s] This implies that 
the army was marching, or that the 
camp was facing, upstream (i. e. 
southwards) at the time. 

Ka\ ^K 8cf .] * Partly on the right 
hand as well' (§ 6). 

§ 5. OK(0S dv...Xdpoi] A com- 
mon construction in Hdt., as in 
Homer. Cf. 91. 2; 99. 3; 151. a. 
Thuc. has /x^ Slv — imr'Kciact.av, II. 
93. 2. Prob. &p renders the object 
in view rather less definite than it 
would otherwise be, by implying the 
existence of some condition : = ' if 



possible.' 'With the opt. Cn dr, 
dirws &if=quomod0 or ut, wpofii^ 
OoOyrai 6ir(as Ai' €vd<ufAotKtlijs is derived 
from the direct interrogative, «•«! dp 
(el ivvarointri) evSaifMindfjs ;* Mad v. 
G. S. App, 303. Tr. * that so per- 
adventure (the river) might take the 
camp, there pitched, in me rear (i. e. 
might flow on tile western side of 
the camp), having on this side been 
diverted from its ancient course into 
the channel.* 

§ 6. Kal ^<rx^OT|] ' Koi leads one 
to expect a second koX before diapards 
which is omitted.* Kr. More prob. 
leaf = ' actually,* the mere purpose 
(fiifws above) now having the per- 
formance superadded. 

Kal T& iropdirav] 117. i, n. 

Ka\ rh dp\. ] xal belongs to the ob- 
ject of X^. = * say this also, viz. that.* 

8Upi]orav] * How did they cross 
(onthissiipposition)?* i.e. how could 
they have crossed? Cf. 187. 5, n. 
Hdt.'s objection is hardly a valid 
one,. since they might have dammed 
up the new stream and again divert- 
ed the river (into its old bed). 



[ITerodoiusn See page 7.1^ 
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THE ELECTRA OF 

HA, [irUerrupting'\ rC r&v a/novrfdv rf rC t&v ovt(m>v iripi ; 
IIP. Itohmnly] \apelv (f>CKov 0rj<ravp6v, hv <f>aCv€i ^cos. 235 
HA, Ibovy KoAca Oeovs. 

[dasping her hands] riTlVq Xcycty, yipov ; 
ZIP. fiXi^jfov wv is T6vb% 2> tIkvov, rhv <l>CXTaTOVm 

[turning her round to Orestes.] 
HA, [sadly] 7(i\at hiboiKa, iirj <rv ^ oifKir cv (f>povfis» 
HP, ovK eS (jypovQ 'yw cbv Kaor(yvr\Tov fiXiiroov ; 
HA. [starting suddenly] 

Trfis ciiras, w ycpaC, aviXTnarov Koyov ; 240 

UP. [emphatically] opav ^Opiarrjv Toi^bc rbv 'Ayajuicfxroi^os. 
HA. TTolov xapOKTrjp* ela-Mv, if ireCa-ofiai ; [increduUms] 
HP, [pointing at a scar in OrESTES' forehead] 

ovKrfv Trap' 6<f>p{iv, ijv itot Iv irarpos bofiois 

V€ppov bi(iK(ov fTov [xi6* yfiixBrj Tt^advi 
HA, TTws c^ps ; 6pG» fi^v TrrifiaTos TCKfirjpioVi 245 

[astounded, hut still hesitating,] 
HP. lireLta ^leAXei; TtpoaTibv^w roty <f>i\r<irot9 ; 
HA. [resolved] iX>C ovkcV, 3) yepaii* <ni\ifi6koiari yap 

Tols (To'is TriircLO-fiai Ovpiov. [she rushes in a transpoti of 
joy into her hrother^s arms,] ctf ')(p6v(a <f>av€lsi 

l)(a) (t' aeATTTcos. OP. xif ifxov y' €X€i \p6v(f. 
IIA, ovbiirpT€ b6$a&\ OP. oib^ ^w yap 7/A7rt(ra. 250 
IIP. €K€ivo^ cl av ; 
OP, (Tvfiiia\6s yi <rot [xovos^ 

fjv iKO-iracQiiiai y hv ix€Tip\opLai fiokov^ 

TTCTToi^a b\ 7j xph M»?'f^^' ^yetcr^at OeoiSf, 

€l TabiK i<nai rqs bUrjs imipr^pa* [with confidence*^ 

[Seems from Greek Plays, See fKige V^N 



NOTES TO THE TIMEPIECE. ^ 

378 ^lU hose in morals. Such a one as George Selwyn's chap- 
lain and parasite, Dr Warner. "In letter after letter he (Dr 
Warner) adds fresh strokes to the portrait of himself, not a little 
curious to look at now that the man lias passed away; all the foul 
pleasures and gambols in which he revelled, played out ; all the 
rouged faces into which he leered, worms or skulls ; all the fine 
gentlemen whose shoebuckles he kissed, laid in their coffins." — 
Thackeray's George III, See also Goldsmith's Citizen 0/ the 
lVbr/d,'No. 58, ** A Visitation Dinner;" Knight's //istofyo/JSng' 
landy vol. vii., p. 109. 

384 Scrawls a card. Writes his name on a visiting card. 
Visiting cards in th6 last century were not the plain bits of paste- 
board which we see now-a-days, they had generally some vignette 
or ingenious device engraved on them. Specimens may be seen 
at Dresden which Raphael Mengs drew and Raphael Morghen 
engraved. 

385 Rout, A crowd or crush, the fashionable term in the last 
century for what is now called an ** at home." For an amusing 
account of a rout to which Porson was inveigled, See Landor's 
Jinaginary Conversations^ Southey and Porson. 

''^ Southey — Why do you repeat the word rout so often ? 

*^ Porson — Not because the expression is new and barbarous, I 
do assure you, nor because the thing itself is equally the bane of 
domestic and polite society." 

389 By infidelity, * * This worthy clergyman takes care to tell us 
that he does not believe in his religion." — Thackeray, ioc, cit, 

390 A sinecure. Especially applied to a benefice without the 
cure of souls. 

397-408. A free paraphrase and amplification of I Tim. iii. 
I-ii, and Titus i. 7-9. 

409 Rostrum, More correctly "rostra,'* the stage or pulpit for 
speakers in the Roman forum, so called from being ornamented 
with the beaks of ships taken from the Antians, A.U.C. 416. 

410-414 See remarks on Cowper's wit and humour, in Introduc* 
tion. 

420" Conceit of, . Vanity on accotmt of. 

423 Tropes, Trope, Greek r^irtt, properly a word turned from 
its natural sense, then applied more generally to any rhetorical 
ornament. 

430 Avauttt, French **avant," Latin **ab ante," move on, 
begone. 

431 Theatric \ 'ic is from the French ^ique. The additional 
adjectival termination -c/ in the modem theatrical arose from the 
adjectives in »ic (logic, mathematics, or more correctly mathe* 
matic, domestic, «kc.) acquiring the force of substantives. 

435 Curious, Inquisitive, 

436 Nas<U twang. A relic of Puritanism, andgenerallysupposedi 

[Notes to Cowpet^s Task. Seepage 4,] 
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THE DELUGE. 
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their kind, and of every creeping thing of the earth'after 
his kind." Sufficient food was also to be provided : "take 
thou unto thee of all food that is eaten, and thou shalt 
gather it to thee, and it shall be for food for thee and for 
them" [Gen. vi. 19-21]. 

To make all these preparations required a strong belief 
in God on the part of Noah. The world around him 
utterly disbelieved the message which he conveyed to it 
during many years of preparation as tlie "preacher of 
righteousness" [2 Pet. ii. 5], while God's longsuffering 
waited [i Pet. lii. 20]. Our Lord says that " they were 
eating and drinking, marrying and giving in marriage, 
until the day that Noah entered into the ark, and knew 
not until the flood came and took them all away " [Matt. 
xxiv. 38 ; Luke xvii. 26]. But though all the world dis- 
regarded, Noah was entitled to be enrolled among the 
number of St. Paul's " elders who obtained a good report," 
for his faith made him believe in the things of which God 
gave him warning "though not seen as yet" [Heb. xi. 7], 
and it is recorded of him, "Thus did Noah; according to 
all that God commanded him so did he" [Gen. vi. 22 J 

The Ark which Noah built in obedience to the Divine 
command was not a navigable ship, but a great wooden 
** coffer," or water-tight chest, made so as to float about 
steadily upon the water.^ 

It was built of cypress or " gopher " wood, and covered 
with pitch within and without to secure it against leakage 
from the flood below or the rain above. The size of the 
ark is distinctly given as being 300 cubits in length by 50 
cubits in width, and 30 cubits in height. The cubit is 
reckoned at about 21 inches, and we are thus able to com-« 
pare the size of the ark with that of our large iron and 
wooden ships of modern days.* 



The Ark 

Duke of Wellington 

Great Eastern 


Length. 


Breadth. 


Depth. 


595 feet 
240 feet 
680 feet 


87 feet 6 inches 
60 feet 
83 feet 


59 feet 6 inches 
79 feet 4 inches 
58 leot 



^ Its object being the same as that 
of the " ark " in which the infant Mo- 
ses was placed when cast into the Nile 
in obedience to the edict of Pharaoh. 

S The proportions of the ark are 
exactly Uiose of the human body, 
vis., xo'-|-x'6-|-x'; and the capacity 



of these proportions for stowage has 
been proved by experiments in Hol- 
land and Denmark to be a third 
greater than that of vessels as built 
for ordinary sailing purposes. That 
of the Ark was thus about the same 
as that of the Great l£astem. 



[Companion to Old TestammU See page 24.] 
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CHANTING. 

Chanting is the arrangement of prose in a rhythmical form. 
The psalms, canticles, &c. are sung or chanted to melodies 
called Chants, which are either single or double. 

The melody of a single chant is, for convenience, written in 
phrases of seven bars of two minims each or their value. 

The first half of a chant has three, the second four bars. 

The first half is called the mediation^ the second the cadence, 

TUKNER. 



i 



-^ 



I 



-^ 



First half. 



^ 



22 



I 



Second half. 



A double chant is simply a smgle chant form repeated. 




First half a. 



Stcondhatf a. 



First half h. Second half b. 



A single chant is arranged to fit one verse of the psalms, a 
double chant two; for the long psalms quadruple chants, of 
which the phrase or melody is designed to include four verses, 
have been wiiiien. 

A changeable chant is one whose key-chord may be eithei 



[The Chorister's Guide. See ^oge a^^ 



[SpMmm Page^ No, 12.] 
Chap.IIL] BORGHETTO, 145 

(especially in vrinter), and only a limited number of troops can march along 
one road. Thus all roads leading out of a fortress are to some extent like 
causeways across a marsh, for practical purposes. The difficulty is dimi- 
nished l^ acting at night, and by making feints. 

24. Fort St Georges was on die east, La Favorita on the north side, both 
on the outside of the lakes. A t6te>de-chaiissee is a fort which commands 
and " caps " a road, as a tete-de-pont does a bridge. 

25. " Considered himself able to obtain.** 

26. Detached, that is, from the army now under the Archduke Charles. 
Till this new force, imder a new general, should arrive, Melas was left in 
command of what remained of Beaulieu's army, now in retreat up the valley 
of the Adige. Beaulieu himself was recalled. 

27. The district called the Vorarlberg lies between the Lake of Constance 
and the Tyrol. The Tyrolese attachment to the House of Austria is 
fJEunous. In 1809, Napoleon wanted to take the Tyrol from Austria, and 
give it to Bavaria, setting up the latter as a rival power to Austria. The 
Tyrolese resisted. [Story of Hofer.] 

28. [Why did not Bonaparte cross the Adige, or else ascend it, and make 
for the Danube X\ 

29. " Dependent on ** (comp. the English "irrelevant") . . . ** invested 
with," i.e. holding. These little domains were only nominally dependent 
on the empire ; in reality they were part of the territory of Genoa, and con- 

•tributed to its militia. ** The empire " had only eight years more to live. 
When Francis II. saw that he had. lost all real power as emperor, he threw 
it up altogether, and took the title of Emperor of Austria instead. 

30. [St. Januarius.] 

31. There were also six thousand English in Corsica, who might have 
reinforced an army attacking Bonaparte from the south, [Have English 
troops ever been in North Italy ? Only once, I believe.] 

32. In its lower course, the Po is higher than the surrounding country, 
thanks to the deposits brought down from the Alps, which raise its bed 
incessantly. It is walled in by high embankments, kept in order by a staff 
of engineers, as in Holland. But, in spite of their efforts, the river some- 
times breaks through, 

33. " Referred the question of peace to.** 

34. Napoleon had strange good fortune in one respect : his enemies 
never attacked him at the same moment. In this campaign he could 
hardly have resisted a flank attack from a Papal and Neapolitan army 
combined with that of the Austrians. So, when he beat Austria at Auster- 
litz, Prussia on his left flank was holding back ; when he beat Prussia at 
Jena, Austria on his right flank was passive; when he invaded Russia, 
neither Prussia nor Austria stirred ; when at last they did combine in one 
iittack, they were more than a match for him, and he was ruined in the 

great battle of 1813. 

[Naf^ to Campaigns of Napohon. Sttpxgtvx\ 
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